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This collection has been assembled with the following five prem- 
ises in mind. 


I. In order to enjoy psychology one should find the very best that the 
field has to offer. This involves searching out the greatest. thinkers 
and writers, and then selecting the best of the works they have pro- 
duced. 

9. Students are more likely to read these papers if they are assembled 
together into one binding rather than scattered in a library. 

3. Most existing "readers" have tried to give a representative idea of the 
entire field of psychology. This often results in a feast with an enor- 
mous number of small courses, each of which relates only weakly to 
the others in the meal. Such a repast is very difficult to digest. 

A. Experimental psychology produces incredible numbers of reports of 
carefully conducted little experiments, jam-packed with elegant data. 
It has produced considerably fewer pieces of large-scale integration 
which pull together a variety of results from many programs of re- 
search. Wide-ranging, integrative essays should have an important 
place in any psychological library. 

5. It is impossible to cover the whole field of psychology, 
shallow level, in a single book Qf yeah hat is possible however, 
and what we have tried to do. is to single out a small number of 


even at a very 


especially exciting questions and areas, and to present several papers 
in each onc. 
If we have left out your favorite integrative essay, please let us know 
about it. "The next edition will be so much the better for your sug- 
gestions. 
Good reading! 
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Well Mrs, Jekyll, if this condition 
| has never appeared in your family 
| before, perhaps youve let your son | 
| watch too many fier shows, I 
Suggest that you get him interested in 
a nore healthy area... like medicine. 


PART ONE 


Psychology may be thought of as the series of endeavors which 
result from man’s unending preoccupation with himself. Fascinated by 
his own essential nature, he has been engaged ever since the start of re- 
corded history in elaborate theorizing about the very nature of man and 
the forces which affect him. One expression of this interest is a question 
which recurs in various forms across all of psychology and indeed 
throughout life. Am I as I am because of my genetic makeup—because 
of a detailed set of instructions written into my chromosomes at con- 
ception, instructions which are now being followed and are subject to no 

t? Or am I rather a man, like all other 


significant change from withou 
men, and different from them solely because of my differing experience 
in this world? To what extent is my personality, my character and my 


very self the result of innate genetically determined factors, and to what 


ł 
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extent am I the result of the environment in which I have grown up 
and the experiences which I have had? This dichotomy, often referred 
to as the nature-nurture question or the heredity vs environment ques- 
tion, has long had a fascination for men interested in themselves—and 
that means for all men. 

In the articles that follow both extreme views are presented, along 
with some arguments and evidence supporting them. At the same time 
the important twin-method is illustrated. This method takes advantage 
of the fact that occasionally nature produces a pair of men with identical 
genetic makeup—identical twins, also called monozygotic twins. (Mono- 
zygotic simply means that both individuals in a pair of identical twins 
originated in a single cell, formed at conception. This cell split into two 
identical cells cach of which eventually matured into a complete being— 
one of the identical twins.) This happy circumstance means that we can 
look analytically at the extent to which the future behavior of these two 
individuals is similar even when they have grown up under very different 
conditions. To the extent that such similarity is found, and to the extent 
that there is more similarity for identical twins than for nonidentical 
twins, we can conclude that the genetic influences are significant and are 
strong cnough to overcome diflerences in environment. Two of the ar- 
ticles below, that by Lange and that by Scheinfeld, used the twin 
technique. 

The first article in this section, “On Psychosexual Development," by 
Simon and Gagnon, looks at human sexual behavior, which is often 
thought of as expressing violently powerful innate forces. Disagreeing 
with the Freudian emphasis on innate patterns of sexual motivation, the 
authors argue forcefully that we learn many of those behaviors. As you 
read, try to analyze the role of learning in your own past history. 

The second selection is taken from Watson's book Behaviorism which 
had an enormous effect, both positive and negative, upon the develop- 
ment of psychology. Watson's ideas are very instructive not only because 
he writes well but especially because he has deliberately taken a polar 
position: the position that hereditary constraints are negligible and that 
all important changes in human development are due to environmental 
forces. Watson's book had a profound effect upon psychologists at the 
time when it was published. As you read it you should be able to see 
why. 

The third selection, by Lange, uses the twin-method in the study of the 
tendency to become criminal. In his investigation Lange found strong 
evidence for belicving that to some extent one may be born a criminal. 

This frightening and still controversial idea is obviously antithetical to 
Watson's approach. It provides a striking and important contrast. 

The fourth selection, again taken {rom Watson's book, looks at the 


questi vhethe i i 
Wuesuon of whether we should think of humans as importantly con- 
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trolled by “instinct.” As you might guess, Watson rejects the notion 
vigorously. 

The fifth selection is taken from a book by A. Scheinfeld about iden- 
tical twins and, as did Lange before him, Scheinfeld finds important 
evidence for the influence of one's genetic makeup. 

Sackett's article, the next in part one, looks at the same basic question 
If most knowledge is acquired 


in a new way. Sackett reasons as follow: 
as a result of our experience in the environment, then a monkey who is 
raised without ever having the opportunity to see another monkey or 
even a mirror image of himself should have no real idea of what a 
monkey's face looks like. On the other hand, if this important knowl- 
edge of how to recognize the face of another monkey were somehow 
genetically coded, then the monkey might “know what another monkey 
looks like” even though he had never seen one. He might have been 
born knowing how to recognize fellow members of his species. Sackett's 
a clear answer to this question. 

Neal E. Miller looks at a wide variety of evidence 
n summing up the whole range of 
pects of behavior. 


experiment gives 

In the final article 
from his own laboratories and others i 
genetically determined, and culturally determined 4 
Miller speaks with considerable authority and his overall position is one 
commonly held today. Both kinds of influences undoubtedly are vitally 
‘The task for science at this point is to find out which kinds 


important. 
are important where, and whether the limits which seem to be imposed 


are absolute or merely relative. ‘The answer is not simple, but it does 
suggest that both sides were at least partially right all along. 
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The nature-nurture controversy cuts across a great many ques- 


tions in psychology. 


controversy has been active is in the are 
it has been widely believed that humans must con- 


ud, 


the time of Fr 


tend with “a fairly intense, high pressure drive 
individual to seek sexual gratification. 


One of the most fascinating areas in which this 


a of human sexuality. Ever since 


that constrains the 
It has been widely accepted 


that all humans must contend with a powerful innate libidinous "energy" 


which will influence their behavior from cradle to grave. The following 


article by Simon and Gagnon reopens the whole 
il behavior is greatly and perhaps even primarily de- 
nfluences, and that the innate "programming" 


contend that sexu: 
termined by socio-cultural i 


may be less specific than has often been assumed. 
the various arguments presented in this article, try to relate them to 
To what extent is human sexuality influenced by 


ints, and to what extent is it the result of social 


the following question: 
innate biological const 
learning? 


question. The authors 


As you read through 


ON PSYCHOSEXUAL 


DEVELOPMENT 


William Simon 
John Gagnon 


Erik Erikson (1963) has observed that, 
prior to Freud, "sexology" (a wretched 
and discredited term) tended to see 
sexuality as suddenly appearing with 


Reprinted with permission, from Handbook 
of Socialization Theory and Research, edited 
by D. A. Goslin, Rand McNally & Company, 


1969, pp. 733-52. 
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the onset of adolescence. From Erik- 
son's point of view, Freud's discovery 
of infantile and childhood expressions 
of sexuality was a crucial part of his 
contribution. Libido—the generation 
of psychosexual energies—was now 
viewed as a fundamental element of 
the human experience from its very 
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inception, at the latest beginning with 
birth and possibly prior to birth. Li- 
bido was conceived as something es- 
sential to the organism, representing 
a kind of biological constant with 
which forms of social life at all levels 
of sociocultural organization and de- 
velopment, as well as 
structure at each 
cycle, had to cope. 

In Freud’s view, the human infant 
and child behaved Ways that were 
intrinsically sexual and that remained 
in effective and influential continuity 
with later forms of psychosexual de- 
velopment (Freud, 1953; Chodoff, 
1966). Implicit in this view was the 
assumption that the relation between 
lable sexual energies and cemer- 
gent motives and attachments would 
be complex—but direct. In some as- 
pects of psychoanalytic thinking, both 
adolescent and adult sexuality were 
viewed as being in some measure re- 
enactments of sexual commitments de- 
veloped, learned, or acquired during 
infancy and childhood. 

This view presents both an episte- 
mological and sociolinguistic problem. 
Freud's language was the language of 
adult sexual experience imposed up- 


personality 
point in the life 


on the “apparent” behavior and “as- 
sumed” responses, feelings, and cog- 


nitions of infants and children. Acts 
and feelings are defined as sexu: il, not 
because of the actor's se nse of the ex- 
perience, but because of the meanings 
attached to those acts by adult ob- 
servers or interpreters whose only 
available language is that of adult 
sexual experience (Schachtel, 1959). 
However, the assumptions implicit in 
the adult terminology 
such behaviors 


with which 
are perceived and con- 
sidered must be approached with 
caution. The dilemma arises from the 
Problem of distinguishing between 
the sources of labeling specific actions, 


gestures, or bodily movements as sex- 
ual. For the infant playing with his 
penis, the activity is not sexual in the 


sense. of adult masturbation, but 
merely diffusely pleasurable in the 
same manner as are many other ac 
tivities. "The external observer im- 


putes to the child the complex set of 
states. that are generally associated 
with physically homologous adult ac- 
tivities. It is only through the proc- 
esses of maturing and learning these 
adult labels that the child comes to 
masturbate in the fullest sense of the 
word. It is in the process of convert- 
ing external labels into internal car 
pacities for naming that the activities 
become more precisely defined and 
linked to a structure of soc iocultural 
expectations and needs that define 
what is sexual. To suggest that infant 
or childhood genital play is prototy pi- 
cal of or determines adult patterns is 
10 credit the biological organism with 
more "natural" wisdom than we nor- 
mally do in areas where the biological 
and intersect. Undenia- 
bly, is rooted in biological 
processes, capacities, and possibly even 
needs. But admitting this in no way 
provides for a greater degree of bio- 

logical determinism than is true of 
other areas of corresponding intersec- 

tion. Indeed, the reverse may be true: 

the sexual area may be precisely that 
realm wherein the superordinate posi- 

tion of the sociocultural over the bio- 

logical level is most complete. 

It is important to note here that the 
very diffuse. quality of most of pre- 
adolescent experience poses a number 
of major problems, one of which is 
the extreme difhiculty in getting 
rate data. Part of the problem centers 
on a kind of faulty recall which is not 
rooted merely in inaccurate 
This is a 


sociocultural 
sexuality 


acct 


memories. 
of error. pointed out 
in the existentialist Insight that rather 


source 


than the past determining the charac- 
ter of the present, it is possible that 
the present significantly reshapes the 
past, as we reconstruct. our autobi- 
ographies in an effort to bring them 
into greater. congruence with our 
present identities, roles, situations, 
and available vocabularies. The other 
part of the problem results from at- 
tempting to gather data from chil- 
dren who when interviewed are ill- 
equipped to report upon their own 
internal states or from adults who are 
asked to report on periods of life 
when complex vocabularies did not 
exist for them. The problem is at- 
tempting to determine what is being 
felt or thought when confronted. with 
organisms whose restricted. language 
skills may preclude certain feelings or 
thoughts. 

Essential to the perspective of this 
chapter is the assumption that with 
the beginnings of adolescence—and 
with the increasing acknowledgement 
by the surrounding social world of 
an individual's sexual capacity—many 
novel factors come into play, and that 
an overemphasis upon a search for 
continuity with infant and childhood 
experiences may be dangerously mis- 
leading. In particular, it may be a 
costly mistake to be overimpressed 
with preadolescent behaviors that ap- 
bear to be manifestly sexual. In gen- 
eral, it is possible that much of the 
bower of sexuality may be a function 
of the fact it has frequently been de- 
fined as powerful or dangerous. But 
this overenriched conception of sex- 
ual behavior (to the degree that it 
Occurs) must largely follow upon con- 
siderable training in an adult lan- 
guage which includes an overdeter- 
mined conception of sexuality. Thus 
it does not necessarily follow that the 
untrained infant or child will respond 
as powerfully or as complexly to his 
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own behaviors that appear to be sex- 
ual to an adult observer as will that 
observer. 

Of all the experiences of the pre- 
adolescent, it would appear that the 
most influential in the determination 
of later psychosexual development is 
that large and complex cluster of ele- 
ments that come under the heading 
of sex-role learning. It is perhaps 
better to label this process "gender- 
role" learning, underscoring thereby 
its indirect link to sexuality in many, 
if not most of its aspects. In other 
words, we may find that the develop- 
ment of an emerging sense of self is 
significant in the determination. of 
later sexual commitment or capacities, 
but that this sense of self does not 
itself derive, in most cases from pre- 
adolescent sexual or even near-sexual 
experiences. 

For the purposes of this chapter, we 
reject the unproven assumption of the 
"power" of the psychosexual drive as 
a fixed biological attribute. We feel 
there is little evidence to suggest that 
such a “drive” need find expression 
in specific sexual acts or categories of 
sexual acts. More importantly, we re- 
ject the even more dubious assump- 
tion that sexual capacities or experi- 
ences tend to translate immediately 
into a kind of universal knowing or 
wisdom; the assumption that sexual- 
ity possesses a magical ability that 
allows biological drives to seek direct 
expression in psychosocial and social 
areas in ways that we do not expect in 
other biologically rooted behaviors. 
This assumption can be seen in the 
psychoanalytic literature, for example, 
in which the child who views the "pri- 
mal scene" is seen on some primitive 
level as intuiting its sexual character. 
Also, the term latency, in its usage by 
psychoanalytic theorists, suggests a 
period of integration by the child of 
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prior intrinsically sexual experiences 
and reactions which reduces adoles- 
cence, on this level, to a mere manage- 
ment or organization on a manifest 
level of the commitments and styles 
already prefigured, if not preformed, 
in infancy and childhood experiences. 

In contradistinction to this tradi- 
tion, this chapter adopts the view that 
the point at which the individual be- 
gins to respond in intrinsically sexual 
ways, particularly in terms of socially 
available or defined outlets and ob- 
jects, is a time during which some- 
thing occurs which is discontinuous 
with previous “sexual experience” 
(whatever that might mean). Further, 
at this point in the developmental 
process, both seemingly sexual and 
seemingly nonsexual elements con 
test” for influence in complex ways 
which in no respect assure a priority 
for those elements that are apparently 
sexual in character. 

The prevailing image of the sexual 
component in human experience is 
that of a fairly intense, high-pressure 
drive (except, perhaps, during later 
stages of the life cycle) that constrains 
the individual to seek sexual gratifi- 
cation either directly or indirectly. 
This is clearly present in the Freud- 
ian tradition. A similar position is ob- 
servable in more sociological writings. 
This is apparent, for example, in the 
thinking of Kingsley Davis for whom 
sex is also a high-intensity, societal 
constant that must be properly chan- 
neled lest it find expression in be- 
haviors which threaten the mainte- 
nance of collective life (Davis, 1961; 
Durkheim, 1951). 

Our sense of the available data sug- 
gests a somewhat different picture of 
human sexuality, one of generally 
lower levels of intensity or, at least, 
greater variability in intensity. More 
clearly evident among females than 
males (see below), there are numerous 


social situations or roles where reduc- 
tion and even elimination of sexual 
activity is managed by greatly dispar- 
ate populations with little. evidence 
of direct. corollary or compensatory 
intensification in other spheres ol life 
(Gagnon & Simon, 1968a). It is pos- 
sible that, given the historical mature 
of human societies, we are victim to 
the needs of earlier social orders. For 
carlier societies it may not have been 
a matter of having to contrain 5C 
verely the powerful sexual impulse 1n 
order to maintain social stability (par- 
ticularly in family life), but rather a 
matter of having to invent an impor: 
tance for sexuality not only to irn 
high levels. of reproductive activity 
but also to provide a socially available 
reward that might be placed. at the 
service of many social ends. A part of 
the legacy of Freud is that we have all 
become relatively adept at secking oul 
the sexual ingredient in many forms 
of nonsexual behavior and symbol- 
ism. What we are suggesting is AB 
essence the now three-decade old im, 
sight of Kenneth Burke (1935) to the 
effect that it is entirely plausible to 
examine sexual behavior for its Ct 
pacity to express and serve nonsexual 
motives. 

For 


us, then, sexual behavior 15 
socially sc ripted behavior and not the 
masked or rationalized expression of 
some primordial drive. The individ- 
ual learns to be sexual as he or she 
learns sexual scripts, scripts that in- 
vest actors and situations with erotic 
content. One can easily conceive of 
numerous social situations in which 
all or almost all the ingredients of 
sexuality are present, but which re- 
main nonsexual in that not even sex- 
ual arousal occurs (Simon & Gagnon. 
19674). Thus combining such elc- 
ments as desire, privacy, and a physi- 
cally attractive alter of the appropri- 
ate sex, the probability of something 


ual occurring will, under normal 
circumstances, remain exceedingly 
small until either one or both actors 
organize these elements into an ap- 
propriate script. The very concern 
with foreplay in sexual behavior sug- 
gests something of this order. From 
one point of view, foreplay might be 
defined as progressive physical excite- 
ment or what the authors (Gagnon & 
Simon, 1968b) have elsewhere referred 
to as the "rubbing of two sticks in 
order to get a fire going” model. From 
another point of view, this activity 
may be defined as a method of eroti- 
cizing the body and the activity, as a 
method for transforming mute, in- 
articulate gestures and motions into 


a sociosexual drama. 

Lastly, in these introductory com- 
ments we might continue to belabor 
the issue of sociocultural dominance 
by making some preparatory distinc- 
tions, distinctions that we would have 
to make in any event. Psychosexual 
development, while a universal com- 
ponent in the human experience, cer- 
tainly does not occur with universal 
modalities. Even ignoring the striking 
forms of cross-cultural variability 
(Ford & Beach, 1951), we can observe 
striking differences within our own 
Population, differences that, given the 
relatively low level of thinking and 
the sparsity of research in the ar 
appear to require not a description 
of psychosexual development, but de- 
scriptions of different developmental 
processes characterizing different. seg- 
ments of the population. The most 
evident of these are the large number 
of important differences between ob- 
servable male and female patterns of 
sexual behavior (Maccoby, 1966). This 
particular difference may in some re- 
spects be partly attributable to the 
role played by the biological sub- 
stratum (Hamburg & Lunde, 1966; 
Young, Goy & Phoenix, 1961). We 
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the 
and 


account 
physiological 
the different roles in the reproduc- 


have to not onlv for 


gross differences 
tive process that follow from these 
physiological differences, but must 
also consider differences in hormonal 
functions at particular ages. Yet, 
while our knowledge of many of the 
salient physiological and physiochemi- 
cal processes involved is far from com- 
plete, there is still little. immediate 
justification for asserting a direct 
causal link between these processes 
and specife diflerential patterns of 
sexual development observed in our 
society. The recent work of Masters 
and Johnson (1966). for example, 
clearly points to far greater orgasmic 
capacities on the part of females than 
their concept of or- 


males; however, 
gasm as a physiological process would 
hardly be a basis for accurately pre- 
dicting rates of sexual behavior. Simi- 
larly, within each sex, important dis- 
tinctions must be made for various 
socioeconomic status groups whose 
patterns of sexual development will 
vary considerably, more impressively 
for males than for females (Kinsey, 
1918). And with reference to socio- 
economic status differences, the link 
to the biological level appears even 
more tenuous, unless one is willing to 
invoke the relatively unfashionable 
conceptual equipment of Social Dar- 
winism. These differences, then, not 
only suggest the importance of the 
sociocultural elements and social 
structure, but also stand as a warning 
against too uncritical an acceptance 
of unqualified generalizations about 
psychosexual development. 


Childhood 


Obviously Erikson is correct in 
agreeing with Freud: we do not be- 
come fully sexual all at once. There 
is significant continuity with the past; 
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nevertheless, continuity is not causal- 
ity. Even in infancy experiences can 
occur that will strongly influence later 
sexual development. However, such 
experiences will, in all likelihood, be 
influential not because of their essen- 
tially sexual character, but because 
of their general influential character: 
that is, they probably influence many 
more things than just sexual develop- 
ment. It is also possible to talk about 
the kinds of experience that give rise 
to fixation, but such experience is 
probably as unusual as it is traumatic 
and can hardly by the basis for gen- 
eral theories. One has difficulty con- 
ceiving of situations in infancy—or 
even early childhood—that can be 
linked to psychosexual development 


on a level more specific than that of 
potentiation. 


In infancy and in the interrelation- 
ships that are part of infant care, we 
can locate many of the pre-verbal ex- 
periences that are preparation for the 
development of verbal capacities 
which, in turn, will bind the child to 
the social world. In this period we can 
locate some of the experiences—per- 
haps only sensations—that will help 
bring about a sense of the body and 
its capacities for pleasure and discom- 
fort, and we can also locate the ex- 
periences that will influence the 
child's ability to relate to other bodies. 
The key term remains potentiation: it 
is possible that through these. primi- 
tive experiences, ranges are being 
established, but these ranges are suf- 
ficiently broad and overlapping that 
little can follow by way of specifica- 


tion except through the dubious route 
of tortured rec onstruction. 


i^ Morcover, 
if these 


! are profoundly significant ex 
periences to the child— 


and they may 
well be-they Stand not as expressions 
of biological necessity nor (he in 


herent wisdom of the body, but as ex- 


pressions of the earliest forms of social 
learning (Gewirtz, 1961). 

Unlike the period of infancy, where 
at best we are confronted with a uni- 
verse of unnamed gestures, it is pos- 
sible to conceive of activity in child- 
hood that appears to be explicitly 
sexual to the observer. About half of 
all adults report having engaged in 
some form of "sex pl: as children 
(Kinsey, 1948, 1953). And conceding a 
certain role to faulty recall or repres 
sion, the. proportion having behaved 
this way may be as much as half a ain 
as large. The crucial and almost im- 
possible question remains: What docs 
it mean to the child? It is likely that 
some part of the adult definition of 
the activity is realized by the partici- 
pants, but one suspects—as in much 
of childhood. role-playing—that their 
sense of the adult meaning is fr 
mentary and ill-formed. It is clear 
that some learning about the adult 
world’s judgments of the sexual oc 
curs as is indicated by the fact that a 
high proportion of adults recall that 
they were concerned, while engaging 
in childhood sex play, over the poss! 
bility of being "found out." However, 
it may not be the content of sex. pla? 
activity—as if they were responding tO 
their nascent sexuality—but the mys 
tery that enchants the child (Freud, 
1961). Stated differently, the child 
may be assimilating external bits of 
information about sex for which, at 
the time, there are no real internal 
correlates. 


For some small number of persons 


+ jj. y 
sexual activity does occur during 
preadolescence. Probably the largest 
group are those who become in- 


volved as objects. of adult-initiated 
behavior. But for most of them, little 
seemingly follows. Lacking appro- 
priate sexual scripts the experience 
remains unassimilated, 


except per- 


haps for those who derive a “mean- 
ing” of the experience from a sub- 
sequent clinical situation. For some 
it is equally clear that a severe re- 
action does follow from falling “vic- 
tim” to the sexuality of some adult 
figure, but here it is debatable whether 
this reaction follows from the sexual 
act itself or from the social act, the 
tone, and the intensity of the reactions 
by others (Gagnon, 1965). In short, 
relatively few preadolescents become 
truly sexual, that is, become sexually 
active. For  preadolescent females 
more often than males, this sexual 
activity is not immediately related to 
internal states—capacities for sexual 
arousal or sexual gratification—but to 
an instrumental use of sexuality to 
achieve nonsexual goals and gratifica- 
tions. This “seductive” preadolescent 
female, for all her statistical rarity, 
may represent a significant adumbra- 
tion of a more general pattern of 
psychosexual development: a process 
wherein a commitment to sociosexual- 
ity precedes a commitment to sexual- 
ity. Among sexually active preadoles- 
cent males, behavior appears to be 
more intrinsically sexual and is asso- 
ciated with a high frequency of subse- 
quent deviant adaptations, most often 
homosexual (Gebhard et al., 1965). 
OI considerable importance is the in- 
ternalization of values—or the images 
that powerfully stand for values—that 
may not be directly or exclusively 
referential to sexual matters. These 
values or value images will constitute 
aspects in the construction of sexual 
scripts giving rise to senses of the evil, 
the extraordinary, and the erotic. De- 
as a society 


spite our present capacity Á 
to generate high levels of public dis- 
course about sexual matters, it is prob- 
ably not unreasonable to assert that 
learning about sex in our society is 
learning about guilt; conversely, learn- 
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ing how to manage sexuality consti- 
tutes learning how to manage guilt. 
An important source of guilt is the 
imputation by adults of sexual ca- 
pacities or qualities in children that 
the children may not have, but that 
result in-however imperfectly—chil- 
dren learning to act as if they had 
such capacities or qualities. For ex- 
ample, at what age do girls learn to 
sit. with their knees together, and 
when do they learn that the upper 
part of the torso must be hidden, and 
what of a sexual nature do they learn 
from all this? Childhood learning of 
major themes which establish sex or 
gender role identities is of critical im- 
portance. Much of what appears un- 
der the heading of sex-role learning 
involves elements that are remote to 
sexual experience or that become in- 
volved with sexuality only after the 
latter has become salient (Sears, 1965). 
Here the meanings and postures of 
masculinity and femininity are re- 
hearsed and assimilated in many non- 
sexual ways. Here, also, the qualities 
of aggression, deference, and domi- 
nance needs, which Maslow (1939, 
1942)—however imperfect his data— 
persuasively argues are strongly impli- 
cated in the organization of sexual 
styles, arc. initially rehearsed, experi- 
mented with, and assimilated. 

Kagan and Moss (1962) report simi- 
lar findings: aggressive behavior is a 
relatively stable aspect of male devel- 
opment and dependency is a similar 
characteristic in female development. 
Significant appearances of ageressive 
behavior by females tended to occur 
most often among females from well- 
educated families, families that tended 
to be more tolerant of deviation from 
sex-role standards. They also find, of 
particular interest, that interest 
in masculine activities for age 6 to 10 
was a better predictor of adult sexual- 
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ity than was heterosexual activity be- 
tween 6 and 1H." Curiously, thev also 
report that “it was impossible to pre- 
dict the character of adult. sexualits 
in women from their preadolescent 
and early adolescent. behavior." This 
the authors attribute to a random fac- 
tor, that of an imbalance of sex ratios 
in the local high school and. more 
significantly, to the faet that “erotic 
activity is more anxicty-arousing for 
females than for males" and that “the 
traditional ego ideal for women dic 
tates inhibition of sexual impulses.” 

This concept of the importance of 
early sex-role learning for male chil- 
dren mav be 
From one 


viewed in two Ways. 
perspective elements. of 
masculine-role learning may be seen 
as immediately responsive to—if not 
expressive of—an internal sexual ca- 
pacity. From another perspective, we 
might consider elements of masculine 
identification merely as a more appro 
priate context within which the medi- 
ation of the sexual impulse—which 
becomes more salient with puberty 
and the socially available sexual 
scripts can occur. Our bias, of course. 
is towards the latter. 

The failure of sex-role learning to be 
effectively predictive of adult sexual 
activities, noted by Kagan and Moss, 
also may lead to alternative interpre 
tations. Again, from one perspective, 
where sexuality is viewed as a biologi- 
cal constant for both women and men, 
one can point to the components of 
female-role learning that facilitate the 
successful repression of sexual im- 
pulses. The other perspective or inter- 
pretation suggests differences in 
Process not of handling sexuality, 
of learning how 


the 
but 
to be sexual, differ- 
ences between men and women that 
will have consequences for both what 
is done sexually as well 


as when it is 
done. Our thinking, 


once again, tends 


towards the latter, This position 15 
supported bx some recent work of the 
present (Simon X 
1967. 19670 on female homosexuals, 
where it is observed that patterns of 
sexual career (c.g. the 
timing of entry into actual sexual De- 


authors 


management 


havior, entry into forms ol socioses ual 
behavior, onset and frequency of mas- 
turbation, number of partners. reports 
of feclings of sexual deprivation, etc.) 
were for lesbians almost identical with 
those of heterosexual women. Gon: 
sidering what was assumed to be ilig 
greater salience of sexuality fOr the 
lesbian- her commitment to sexuality 
her entry into a 


being the basis for 


i 1 E 4 vo «] to 

highly alienative role this seemed : 
hs ‘hat wi 

be à surprising outcome, What 
E o 

concluded was that the crucial Ol 


erating factor was something that both 
heterosexual and homosexual women 
share: (the COMPONENTS of sex role 
learning that occur. before sexuality 
nificant. . 

Social class diflerences also appear 
to be significant, although both in the 
work of Kinsey (1918, 1958) and that 
of Kagan and Moss they appear 4 
more important factors for males gn 
for females. Some part of this is ei 
to aspects of sex-role learning whic : 
vary by social class. Differences in the 
legitimacy of expressing aggression 7 
perhaps merely differences in modes 
of expressing aggression come immedi- 
ately to mind (Sears, 1965; Biller & 
Borstelmann, 1967) Another differ- 
ence is the degree to which sex-role 
models display a capacity for Hetero- 
sociality, The frequently pat 
tern of the sexual segregation of social 
lile among working-class and lower 
class populations may make the struc 
turing of later sexual activity, Pat— 
ticularly during adolescence, actually 
less complicated (Rainwater, 1966: 
Simon & Gagnon, 1966). Another as- 


isell becomes si 


noted 


pect of social class differences is the 
tolerance for deviation from tradi- 
tional attitudes regarding appropriate 
sex-role performances, Clearly, toler- 
ance for such deviance is positively 
associated with social class position, 
and it may well stand in a highly com- 
plex and interactive relationship to 
capacities for heterosocial activities. 

We have touched here upon only à 
few of the potentially large number 
of factors that should. be related. to 
important social class differences and 
to the processes. of psychosexual de- 
velopment. In gene even during 
this relatively carly period of life, 
complex elements of the ego begin to 
take form, including the crude out- 
lines of what might be called a reper- 
toire of gratifications. It seems rather 
naive to conceive of sexuality as a 
constant pressure upon this process, a 
pressure that has a particular. neces 
sity all its own. For us, this crucial 
period of childhood has significance 
not because of what happens of a sex- 
ual nature, but because of the non 
sexual developments that will provide 
the names and the judgments that 
will condition subsequent encounters 
with sexuality. 


Adolescence 


Adolescence is a period with ill- 
defined beginning and end points. 
Phere is variation in its general defi- 
nition, still greater variability in the 
application of these definitions, and 
the situation is additionally compli- 
cated by the variability of develop- 
mental rates of specific individuals. 
However ill-defined this period may 
be, the beginning of adolescence 
marks the time when society, as such, 
first acknowledges the sexual capacity 
ol the individual. His or her training 
in the postures and the rhetoric of 
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the sexual experience will now begin 
to accelerate. Most. importantly, the 
adolescent will start to view others in 
his or her immediate environment—in 
particular, peers, but also some adults 
—as sexual actors and will find. con- 
firmation of this view in the defini- 
tions of others toward these actors. 
As has already been indicated, for 
a number of individuals xual ac- 
tivity begins prior to adolescence, or 
some portion of children begin en- 
gaging in adolescent sexual behavior 
before they are defined as adolescents. 
Thus, Kinsey (1948, 1953) reports that 
by age 12 about a tenth of his female 
sample and a fifth of his male sample 
had already experienced orgasm 
through masturbation. (There is some 
evidence that early entry into sexual 
activity is associated with alienative 
adjustments in later life, but this may 
not be a function of sexual experience 
per se so much as the consequence of 
having fallen out of the more modal 
socialization patterns and, as a result, 
having to run greater risks of not re- 
social 


ceiving appropriate forms of 
support.) But this is still an atypical 
preface to adolescence. For the vast 
iside from relatively casual 
childhood sex play and the behaviors 
that post-Freudians view as masked 
sexuality, movement into sexual ex- 
the actor defines and 
accepts as such begins with the pas- 
sage into adolescence. Even for per- 
sons with prior sexual experience, the 
newly-acquired definition of their so- 
cial status as adolescents qualitatively 
of both current 
they must 


majority, : 


perience which 


alters. the meaning 
sexual activity; 
ate such meanings in more 
ways that are related 
heres of social life 


and prior 
now integr 
complex ways, 
to both larger spheres 
and greater senses of self. For ex- 
ample, it is not uncommon during 
the transitional period between child- 
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hood and adolescence for both males 
and females to report arousal and 
orgasm while engaging in many kinds 
of physical activity that are not mani- 
festly sexual—climbing trees, sliding 
down bannisters, or other forms of 
activity where there is genital contact 
—without it being defined as sexual 
by the adolescent (Kinsey, 1948). In- 
deed, in many such cases there may 
not even follow subsequent self-explo- 
rations in order to achieve some repe- 
tition of what was, in all likelihood, 
a pleasurable experience. 

The onset of adolescent sexual de- 
velopment, which really represents 
the beginning of what will be an 
adult commitment to sexuality, will 
be somewhat disjunctive with past ex- 
perience in most cases. As we have 
suggested, not only are future experi- 
ences to occur in much more complex 
situations, but also for the first time 
the more explicit social implications 
of sexual activity will further compli- 
cate matters (Reiss, 1960). The need 
to manage sexuality, following from 
a growing sense of having a sexual 
status, will derive not only from the 
intrinsic attractions of the sexual ex- 
periences for some, but from the in- 
creasingly important role sexuality 
will play in the conduct of both 
heterosocial and homosocial relation- 
ships. 

The onset of adolescence demands a 
Separate consideration on our part of 
the developmental process for males 
and females. The one thing both gen 
ders will share at this point is the re 
inforcement of their competence in 
their new sexual status by the occur 
rence of a dramatic biological event: 
for males the discovery of the 
to ejaculate, 
menstruation, 

made evident 
pointing 


ability 
for females the onset of 
This difference can be 
in the simplest way by 


to the separate modal routes 


into sexual experience. For males the 
organizing event that initiates a sex- 
ual commitment is the biological 
event of puberty; within two years of 
puberty all but a relatively few males 
have their commitment to sexuality 
reinforced. by the experience. of or- 
gasm, almost universally brought 
about by masturbation (Kinsey, 1948). 
The corresponding organizing event 
for females is not a biological but à 
social event: the arrival at an age uat 
suggests a certain proximity to mar— 
riage. In contrast to male masturba- 
tion rates, we find that only two-thirds 
of female population will report 
ever having masturbated (and then, 
characteristically, with much lower 
frequency), and cumulatively we have 
to go into the latter part of the third 
decade of life (the twenties) before a 
proportion is reached which is com— 
parable to that reached by males at 
€ 16 (Kinsey, 1948, 1953). Indeed, 1t 
is significant that about half of the 
females who masturbate will do s° 
only after having their sexuality TC 
inforced by the experience of orgasn 
in some sociosexual situation, This 
contrast. between males and females: 
which we will elaborate below, once 
again points to a distinction between 
the developmental process. for males 
and that for females: the movement 
from sexuality to sociosexuality char- 
acteristic of sed. for fe- 
males. 

When we turn to a more detailed 
view of the adolescent. male experi- 
ence, despite the fact that we have up 
to now worked very hard to establish 
the dominance of the sociocultural or 
social psychological over the biologi- 
cal sphere, we must now briefly re- 
verse course. “There is some evidence 
that the early impulse to. sexual ex- 
pression -again initially through mas 
turbation—is linked to high hormonal 


males is rev 


inputs during the period of puberty, 
producing an organism that, to state 
it in its simplest terms, is easily 
“turned on" (Kinsey, 1948). It is not 
uncommon for young male adoles- 
cents to report frequent erections 
during this period, often without the 
provocation of erotic preoccupations. 
This obviously focuses considerable 
attention on the genitalia. Yet, how- 
ever powerful the biological origins of 
the propensity for the young adoles- 
cent male to masturbate, the meaning 
and the organization of the activity 
tend to occur in terms of social and 
psychological factors. 

On one level masturbation is : 
and anxiety provoking activity for 
most adolescent males. And despite 
changes in the rhetoric of public and 
semipublic discourse on the topic—a 
shift from a rhetoric of mental and 
physical destructiveness to one of 
vaguely inappropriate or nonsocial 
behavior—this is not likely to change 
in the foreseeable future. It may be 
this very clement, however, that per- 
mits the sexual experience to generate 
an intensity of allect that may often 
be attributed to the powers of sexual 
capacity itself. This guilt and anxiety 
does not follow simply from the gen- 
eral societal disapproval of this ac- 
Uvity. Rather it appears to derive 
from several sources, onc of which is 
the difficulty encountered. in. present- 
ing a sexual self to members of the im- 
mediate family, particularly parents, 
where the sentimental and the erotic 
still remain ill-defined. Another source 
of guilt and anxiety stems from the 
fact that arousal and excitement in 
sexual activity increasingly derives 
from vicarious organization of soc 
Sexual — activity fantasies involving 
doing sexual "things" to others or 
having others do sexual “things” to 
onesel{—or from the assimilation and 


guilt 


io- 
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rehearsal of available sexual scripts, 
many of which involve engaging in 
proscribed activities or relationships. 
An additional source of guilt or 
anxiety centers on the general sanc- 
tion against masturbatory behavior, 
an activity which few males are will- 
ing to admit to after the period of 


early adolescence. 

Despite guilt and anxiety, which 
may consequently become part of the 
more general commitment to sexual- 
ity for many men, masturbation re- 
mains an extremely positive and grati- 
[ying experience, as it constitutes for 
most males through the middle of 
adolescence the major source of sexual 
outlet and is engaged in fairly fre- 
quently during this period. This form 
of introduction to sexuality tends to 
give rise to a capacity for detached 
sexual activity, activity where the only 
sustaining motive is sexual; this may 
actually be the hallmark of male sex- 
uality in our society. 

Of the three sources of guilt and 
anxiety alluded to above, the first, the 
problem of managing both sexuality 
and an attachment to family mem- 
bers, is probably common across social 
class lines. The other two sources 
should display marked social class dif- 
The second, the problem of 


ferences. 
aborate and ex- 


managing a fairly el 
otic fantasy life, should most typically 
be a problem for higher social class 
levels. On lower class levels there is a 
less frequent use of fantasy during 
masturbation, and this in turn may 
be linked to a generalized lack of 
training and competence in the ma- 
ation of symbolic materials (Kin- 
sey, 1948). Higher social class male 
adolescents are presumably trained 
Masturbation 


nipul 


for such competence. 
accompanied by fantasy should in 
turn reinforce the manipulation of 


symbolic materials. If we de-empha- 
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size the physical component in the 
masturbatory act, it can be conceptu- 
alized as an activity in which the actor 
is, in effect, training himself to invest 
symbols with affect and to derive 
gratification from the manipulation 
of symbols. Successfully doing this re- 
sults in what is classically the best re- 
ward or reinforcer in learning theory 
terms: it is the immediate, specific, 
and pleasurable experience of orgasm. 
It may well be that this behavior— 
which is something females tend not 
to engage in—plays a role in the proc- 
esses by which middle-class males 
catch up with females in measures of 
achievement and creativity 
by the end of adolescence, 
in front. This is, of cour. 
wild hypothesis—the Dr. 
hypothesis (Kenton, 1958). This pri- 
mary reliance upon masturbation with 
fantasy should also have a number of 
consequences beyond the capacity for 
a relatively detached sexual perform- 
ance. One such consequence is a tend- 
ency to eroticize large parts of the 
world, as well as an ability to respond 
to a wide array of visual and auditory 
stimuli. Moreover, to the extent that 
Wilhelm Reich (1942) is correct in his 
assertion that the scripting for mastur- 
batory fantasies has 
sibly anti-coital ch 


and then, 
move out 
se, merely a 
Krankeit (sic) 


a nom and pos- 
aracter, we might 
also expect both a capacity and a need 
for fairly elaborate forms of sexual 
activity. Further, in so far 
masturbatory fantasy focuses upon re- 
lationships and activities essentially 
Preparatory to the coital act, the mas- 
turbatory experience should also re- 
inforce an already developing capacity 
for sustaining heterosocial activity. 
The third Source of guilt and anx- 
iety, essentially the unmanliness of 
masturbation, should be more typi- 
cally a concern of lower social class 
male adolescents. Among these lower- 


as the 


class male adolescents the general pat- 
tern of sexual segregation of social 
life and the relatively narrower range 
of rewarding social experiences avail- 
able to them should combine to con- 
strain the adolescent to move into 
heterosexual relationships sooner i 
does his middle-class counterpart. The 
first condition, the sexual segregation 
of social life, should make it Be 
for him tọ gravitate toward a work 
of casual, if not exploitative, — 
relations; it is casier for him than ii 
the middle-class adolescent to eae 
that he does not have to love ane d 
thing he desires. The second An 
tion—the more limited available soc i 
rewards and particularly rewards ps 
riving from activities that will be 
validated by his peers—should lead 5 
an exaggerated concern for po 
linity-enhancing behavior en 
turn, to displays of physical ges 
successful staging of aggressive id 
haviors, and visible ual — 
The three—physical prowess, ager 
sive behavior, and sexual success " 
are, of course, not unrelated and fre 
quently are mutually reinforcing. " 
Available data suggest, in line mes 
the above, that one of the differences 
between lower-class and eee 
male adolescents is the phasing 9 
entry into heterosexual forms of "a 
sexuality or the phasing of movement 
from masturbation to coital behavior 
(Kinsey, 1948). In a sense, the vane 
class male is the first to reach . 
maturity” as defined by those working 
in an essentially Freudian tradition. 
That is, these lower-class males are 
generally the first to become exclu 
sively heterosexual and exclusively 
genital in orientation. One conse 
quence, however, is that while their 
sexual activity is almost exclusively 
heterosexual, it also tends to be more 
homosocial in character. The audi- 


Pa 


ence to which the lower-class male's 
sexual activity is directed will tend 
not to be his female partner, but 
rather it will be more referential to 
his male peers (Simon & Gagnon, 
1966). Middle-class adolescent males, 
who will initiate coital activity at a 
significantly later time, will not be 
exempt from a need and tendency for 
homosec ial components in their sexual 
lives, but the complexity of their fan- 
tasics as well as their social training 
in an environment less sexually segre- 
gated—a world in which distinctions 
between masculine and feminine roles 
are not as clearly drawn—will facili- 
tate an easier withdrawal from homo- 
social commitments. This difference 
between the social classes will ob- 
‘ously have important consequences 
for the management of stable adult 
relations, a point which we will con- 
sider below. 

One characteristic that will tend to 
be common to the male experience 
during adolescence is that while this 
stage provides extensive opportunity 
for developing a sexual commitment 
im one form or other, there is little 
training in the management of affec- 
T Atl relations with females. 
RE — rhetoric ol romantic 
e nent is abundantly present in 
. € society, and it is not unlikely that 
M ais on of this is absorbed by the 
hws 5 5 ii ent, but it is not likely to 
mms qe tied to a sexual com- 
7 . lo the degree that it is re- 
ee to sexuality, the connection may 

uite inhibiting, as is suggested by 
the still operative “bad girl-good 
sir!“ distinction. This is important to 
keep in mind as we turn now to a 
Consideration of the female side of 
this story. 

The pattern of female development 
during adolescence is so resistant to so- 
cial class variation that one is tempted 
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to scek explanation in something as 
relatively immutable as the biological 
level (Kinsey, 1953). However, we will 
resist this temptation. The female, to 
be sure, is not provided with the same 
biologically-rooted incentive to begin 
an active sexual commitment; but, by 
the same token, little evidence exists 
that there is either a social or a bio- 
logical inhibitor to the development 
of such a commitment. In simplest 
terms, the physical equipment for the 
generation of sexual pleasure is clearly 
present by puberty and before (Kin- 
sey, 1953), but it tends not to be used 
by many adolescent females on any 
social class level. Masturbation rates 
are fairly low (and those who do mas- 
turbate do so fairly infrequently), 
arousal from explicitly sexual ma- 
terials and situations is an infrequent 
occurrence, and there are exceedingly 
few reports of a self-conscious feeling 
of sexual deprivation during this pe- 
riod. Explanations for this low level 
of female sexual activity or interest 
are numerous on both functional and 
historical grounds. The basic element 
in all of these is the idea that females 
in our society are not encouraged to 
be sexual, and, indeed, it is possible 
they are strongly discouraged 
being sexual. As Rheingold 
(1964) describes this: where men have 
only to fear sexual failure, women 
have to fear failure and success simul- 
taneously. Or, as several people have 
observed, while the category “bad 
boy" has many descriptive subcate- 
gories, the category "bad girl" tends 
almost exclusively to describe sexual 
delinquencies. Clearly, it is both diffi- 
cult and dangerous for a female to be- 
too committed or too sexually 


that 
[rom 


come 

active during adolescence. : 
Whether this extended period of 

relative sexual inactivity represents 


the outcome of successful repression 


18 NATURE VS. NURTURE 


of an elementary sexual urge or 
merely represents a failure to have an 
Opportunity to learn how to be sexual, 
is an important question for consider- 
ation. The alternative answers have 
different implications for how we view 
the later development of a sexual com- 
mitment during 


late adolescence or 
postadolescence, 


The “repression an- 
Swer" suggests that we approach later 
activity in terms of 
inhibition by which 
to find, in 


processes of de- 
the female learns 
varying degrees modes of 
more direct expression of internally 
experienced feelings. It also requires 
a quest for the sexually determined 
aspects. of Nonsexual behavior. The 
“learning answer" suggests that 
women create or invent a capacity 
for sexual behavior, learning how to 
be aroused and learning how to be 
responsive. The latter approach also 
implies greater flexibility in overall 
adjustments; unlike the repression 
view, it makes sexuality something 
other than a constant that is likely to 
"break loose" at any point in strange 
or costly ways. In addition, the learn- 
ing approach lessens the power of the 
sexual component as a variable; all at 
once, there is no necessarily healthy 


or pathological component to a 
ticular style of sexual 


the appeal for us of 
somewhat subjective: 
less like a projection 
ity. 

The absence of intrinsic 
activity by 
not mean 
training 


par- 
activity, Lastly, 
this approach is 
it tends to seem 
of male sexual- 


ally sexual 
adolescent females does 
that sexual learning and 
fail to occur. 
women who are, 
sexually than men, 
far more training in 
conceiving of 
ual on the 
ticularly 
On the | 


Curiously, 
as a group, far less 
active receive 
self-consciously 
themselves as being sex- 
object leve]. This is par- 
true for recent age cohorts. 
evel of the cosmetic self, fe- 


males begin relatively early in 3 
cence to define attractiveness * 
least. partially sexual terms. — ap 
pects that the same poe a 
proach that marked our preado rer 
“seductress” now characterizes: rales 
Proportions of adolescent fe : wile 
Parsons’ (1951) language of the | to 
“using” sex to bind the mage e 
the familial unit, for all its ne 
sound, may be quite accurate. In is 
general terms, the development neet 
sexual role appears to involve " „her 
to assign to that role services € 
than pleasure. f a Jack 

To complete this picture o si die 
of symmetry between the SORG pre- 
female appears to be trained in dur- 
cisely that area for which — and 
ing adolescence are least . — 
for which they are least qe 
to display a capacity: intense, atarie 
laden relationships and the — 
of romantic love. When luring 
arousal is reported by females or 
this period, it is more often 5 s 0 
as à response to representations es 
romantic love than as a response 
erotic representations. 

The movement into later . 
cence and the concomitant inc eidem 
Opportunities for sociosexual acts in 
Cm be described as a — 
which males—committed to 5 
and relatively untrained in the ih 
oric of romantic love interact Nu n- 
females who are committed ls ^ 
tic love and relatively untrained ay 
sexuality. Dating and courtship 1 7 
well be considered processes in . 
persons train members of the opposi 
sex 


adoles- 
in 


in the meaning and content p 
their respective commitments. An 
while data in this area are deficient 9. 
many regards, the data that are aas 
able suggest the exchange system does 
not often work smoothly. "Thus, as is 
partly suggested by Ehrmann's (1959) 


work and partly by our own present 
studies of college students, it is not 
uncommon to find, ironically, that 
the male suitor frequently becomes 
emotionally involved with his partner 
and correspondingly less interested in 
engaging in sexual activity with her, 
and that the female, whose apprecia 
tion of the genuineness of her suitor's 
affection allows her to feel that sexual 
activity is now both legitimate and 
desirable, becomes more interested in 
engaging in sexual activity with him. 
Data from the authors’ recent study of 
college students, now under analysis, 
demonstrate that this difference in 
commitment is exemplified in several 
ways. One such item, dealing with the 
number of times individual respond- 
ents had intercourse with their first 
partner, shows the mode for males 
around one to three times, while the 
mode for females is at ten times or 
more. Clearly, for females, initial in- 
tercourse becomes possible only in 
relatively stable relationships or rela- 
tionships rather strong 
bonds. 

On a theoretical level, we find the 
male experience conforming to the 
general Freudian expectation with 
males moving from a predominantly 
sexual commitment to an ability to 
form cathectic attachments in loving 
relationships. In effect, this move- 
ment is reversed for females with ca- 
thectic attachments being, in many 
Cases, a necessary precondition for 
Coital activity. It is not surprising, 
Perhaps, that Freud had great diffi- 
culty approaching female sexuality. 
This “error” in conceptualizing fe- 
male sexuality—of seeing it either as 
being similar to male sexuality or as 
à mirrored image—may derive from 
the fact that so much of the theory 
construction in this area was done by 
males. In Freud's case, we also have 


involving 
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to consider the very conception of 
sexuality that was essential to most of 
Victorian Europe—it was an elemental 
beast that had to be curbed. 

In addition, it is particularly im- 
portant to consider social class dif- 
ferences among females, if only as a 
way of assessing the possibility of a 
biological factor producing the above- 
discussed outcome. As we have already 
indicated, there are very few such 
differences, far fewer than may be ob- 
served among males. One, however, 
is particularly relevant to this ques- 
tion—the age of first intercourse. This 
varies inversely with social class and 
is strongly associated with similar 
class differences in age of first mar- 
riage (Kinsey, 1953). There is no evi- 
dent basis for associating such social 
class differences with biological dif- 
ferences. A second difference, per- 
haps linked only indirectly to social 
class, is educational achievement. For 
this variable a single cutting point 
appears to separate two distinct. pop- 
ulations: women who have attended 
graduate or profe: ional schools and 
all other women. The former tend 
to be the most “successful” sexually— 
at least if one is willing to accept as 
a measure of success the relatively 
crude indicator of the proportion of 
sexual acts that culminate in orgasm. 
One possible interpretation of this 
finding derives from Maslow's (1939, 
1949) work: women who survive the 
academic process and go on for ad- 
ditional training are more likely to 
be more aggressive and/or have strong 
dominance needs, and both character- 
are associated with heightened 


istics 
sexual commitments. Another some- 
what more general interpretation 


would argue that in à society which 
still strongly encourages women to 
form primary allegiances to roles as 
wives and mothers, the decision to go 
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on to graduate school represents some- 
thing of a deviant adaptation. This 
adaptation represents, in turn, a fail- 
ure of, or alienation from, modal fe- 
male socialization processes. And, in 
effect, it is faulted socialization which 
produces both the academic or profes- 
sional commitment and the 
commitment. 

For both males and females, pro- 
gressively greater involvement with 
sociosexuality may be one of the fac- 
tors that marks the end of adolescence, 
This is a transition about which little 
is really known, particularly with ref- 
erence to  noncollege populations. 
Work currently under wav by the 
authors supported by the National In- 
stitute of Chill Health and Human 
Development, is attempting to deal 
with this problem. Our present feel- 
ing about the place of sexuality in 
the management of this transition is 
that it plays a significant role. First, 
on a somewhat superficial level, 
gressive involvement 


sexual 


pro- 
in sociosexual- 
ity is important in family formation 


or in the entry into roles and role 
obligations that are more explicitly 
adult in character. But, perhaps on a 
more fundamental level, 


that sociosexual activi is the one 
aspect of identity experimentation 
that we associate particularly with 
later adolescence, a period in which 
the psychosocial moratorium that 
Erikson describes as protecting the 
adolescent during this period of crises 
and experimentation fails to operate 
(Erikson, 1963; Reiss, 1960). This may 
be partly due to the fact that the so- 


ciety has some diffic ulty protecting the 
adolescent from the 


that part of his beh 


it is possible 


consequences of 
avior it is not pre 


Pared to admit he is engaging in. 
More Importantly, it may be due to 
the f 


act that we have, 


at all age levels, 
Breat problems in talk 


ing about sexual 


feelings and experiences in personal 
terms which, in turn, make it ex- 
tremely difficult to get social peces 
for our experiments with our sexum 
selves (the term "pluralistic ignorance : 
is perhaps nowhere more applicable 
than in the sexual area). It may 11 
that these experiments with sexua 
Capacities and identities rank among 
the first unprotected tests ol comp 
tence and the lor 
self-acceptance, 
cess or failure 
sexual identity 
in many more 


quest for a basis 
We suspect. that suc 
in the management af 
may have consequences 
areas of personality de- 


. xual 
velopment than merely the sext 
sphere. 
Adulthood 
- ur 
All but very few persons in © 


society ultimately marry. The manage- 
ment of sexual commitments within s 
marital relationship characterizes in 
larger part of postadolescent exper 
ence in our society, Once again, it "i 
important to underscore the real POY 
erty of data on this topic. Sexua 
adjustment presumably plays an nmm 
portant role in overall marital adjust- 
ment. This judgment largely derives 
from studies of broken marriages OY 
marriages that are in trouble, and we 
really have very ine 


little sense of 
degree to which 


sexual problems 1n 


troubled or dissolved. marriages icd 
ceed those found in marriages which 
remain intact, It is possible that we 
have assumed an important role for 
sexuality and the Management of sex- 
uality in the 


Maintenance of marital 
bonds because we have assumed Sex 
itself to be an important part of most 
people's lives. This may not be true- 
Particularly after the formation of the 
marital unit, it is quite possible that 
sex declines in salience. It may stand 


as less important than alternative 


, Me 
Sn 


West 


SWEET. 
At S Bengal 


Date l | 23 
Acc. No. L A V. 


modes of gratification, or the weight 
of alternative gratifications may mini- 
mize the effects of sexual dissatisfac- 
tion. It is also possible that individuals 
learn to derive sexual gratification 
from non- or only partially sexual ac- 
tivities. This is not to suggest support 
for the concept of sublimation, but 
rather to point out that in the proc- 
esses that follow marriage, newly 
learned alternative patterns of gratifi- 
cation may substitute for the sexual. 

The main determinant of adult 
rates of sexual activity in our society 
is the level of male commitment. 
While interest in intercourse is high- 
est for males during the curly years 
of marriage, a corresponding peak in 
coital interest occurs much later in 
marriage for females (who require 
longer periods of time to either be- 
come de-inhibited or to learn to be 
sexual—depending upon your point of 
view). Nonetheless, coital rates in 
marriage decline steadily through 
marriage (Kinsey, 1953). ‘This decline, 
it should be noted, can only be partly 
attributed to declines in biological ca- 
pacity on the part of the male. 
he decrease may derive from many 
things. In many cases the problem is 
one of relating sexually to a person 
whose roles have become compli ited 
by the addition of maternal functions 
(Freud, 1949). For lower-class males, 
there is a problem of not receiving 
homosocial support for marital inter- 
course, to which we might also add 
the disadvantage of being less trained 
in the use of auxiliary materials to 
heighten sexual interest (Simon & 
Gagnon, 1966). For the middle-class 
mal the decline is less steep, owing 
perhaps to their ability to find sexual 
stimulation from auxiliary sources— 
literature, movies, etc. Also operative 
is a greater capacity for invoking and 
responding to fantasy. 


E f. 


H 


It should-be-—activity, 
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noted that for about 30 per cent of 
college-educated males, masturbation 
continues as a regular source of sex- 
ual outlet in ma ze and during 
periods when a wife is available 
(Kinsey, 1948). To this we might add 
an additional but unknown propor- 
tion who do not physically engage in 
masturbation but for whom the source 
of sexual excitement is not just coital 
activity alone but also the fantasy 
elements which accompany coital ac- 
tivity. But even for the middle-class 
male, sexual activity declines in de- 
that cannot exclusively be ac- 
for by changes in the or- 
Perhaps it is simply that the 
under which we learn to 
be sexual in our society make it ex- 
tremely dificult to maintain high 
levels of sexual performance with a 
single partner over long periods of 
time. This may remain relatively un- 
important in the maintenance of the 
family unit or even the individual's 
sense of his own well-being because 
of the relative unimportance of sexual 
dissatisfaction or the relatively greater 
areas of life. 


grees 
counted 
ganism. 
conditions 


significance of other 

About half of all ever-married males 
and a quarter of all ver- married fe- 
males will engage in extramarital sex- 
ual activity at one time or another. 
For females there is some suggestion 
ilar trend toward increases in 
extramarital activity from the begin- 
ning of this century to the early fif- 
ties. This is linked to a corresponding 
generational rise in rates of orgasm 
during this same period (Kinsey, 1948, 
1953). It is possible that the very na- 
ture of female sexuality may be under- 
going change. Our current data will 
hopefully shed some light on this. For 
males there are strong social class dif- 
ferences, with lower-class males ac- 
counting for most of the extramarital 
particularly during the early 


of a sect 
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years of marriage. This may be a direct 
reflection of their earlier mode of as- 
similation of the sexual commitment. 
As we previously observed, it is dif- 
ficult for lower-class males to receive 
homosocial validation from marital 
sexual activity (unless, of course, it 
culminates in conception); this is not 
the case for extramarital activity for 
which there is abundant homosocial 
validation. 

In general, it is our feeling that sex- 
uality and sexual activity are by and 
large derivative functions even during 
adulthood. There are only a few pe- 
riods in the life cycle at which there 
are high rates of sexual activity and/or 
sexual activity that is complicated by 
passion and high intensity of affective 
investment. These are usually adoles- 
cence in the male, the early and ro- 
mantic vears of marriage for both men 
and women, and the highly charged 
extramarital experiences that can be 
called affairs, 


Most of the time sex is 
really a rel 


atively docile beast, and 
it is only the rare individual who 
through the processes of self-invention 
or alienation from the normal course 
of socialization is prepared to risk oc- 
«upation, present comfort, wife and 
children, or the future for the chancy 
joys of sexual pleasure. 
From this point of view it might be 
more proper to suggest that, contrary 
to the Freudian point of view that sex 
manifests itself in some form in other 
types of conduct or that other conduct 
is symbolic of sexual conflict, 
of sexual conflict may in f 
difficulties in the more 
zones of life. Thus, the m 
who come for counselin 
a sexual problem 
porting the Conventional 
the soc iety about w 
sources of 
be. Ovesey 
Sexual s 


reports 
act stand for 
Conventional 
arried couple 
& because ol 
merely re 
rhetoric of 
hat they think the 
al difheulty ought to 
reports that 
overtly 


may he 


a marit 
Qr 
(1950) homo 

dreams ( 


homosexual, 


not merely symbolic) of heterosexual 
men really relate to occupational prob- 
lems and that the submissiveness m 
quired occupationally appears m mu 
convenient symbolism of the pur. 
ported" femininity of homosexual 150 
lations. Indeed, many forms of bot 

heterosexual and homosexual actine- 
out seem to be related to stress n 
tions to other life situations acr v 
than having specifically sexual ee 
tions. Thus, studies of sex am 1 8 
often are overly concerned with re 
sexual life of the offender when is 
may merely be the symptom of CP 
orders of other kinds. 


Conclusion 


It is only a fairly recent sheng 
ment in the history of man that 
could begin to conceive of the as 
sibility of social change, that he yi 
begin to understand that P ai 
and place did not represent d d 
bodiment of somt eternal princi 


^ rt unt ! 
or necessity, but was only a pe For 
an on-going, dynamic proces: came 
it = iff o 
many it is still more difficult t 


ceive of the possibility of the m 
of man himself changing, and par : 
larly changing in significant pes 
(Van den Berg, 1964). Much of tW 


1 ; der- 
conservative view of man still F 1 
Saviors 
meates contemporary . 
science. Thus, for many social th 


ries, a vie 


aut dle 
w of man as a static bul 
of 


: k > neces 
universal needs supplies the ncc s 
sary stability not available elsewhe 


3 f ? ption 
in the flux of social life. A conceptic 
of 


man as having relatively constant 
sexual needs is a necessary part © 
this point of view. As a contrast tO 
this conservative we have at 
tempted to offer a description of sex 
ual development as a variable sodo- 
cultural invention, 

in 


view, 


an invention that 
itself explains little 


and requires 
much explanation, 
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The following selection is taken from Watson's landmark book 
an enormous effect, both positive and negative, 
upon the development of psychology. Watson's book was first published 
in 1924, but you will see that this brief selection could have been written 
yesterday, Experts still disagree violently as to whether psychopathology 
should be described as mental disease, or as behavior disorder. This ques- 
igain later, in Part Five, The Control of Human Behavior. 

instructive not only because he writes well but 
especially because he has deliberately taken a polar position: the position 
are negligible and that all important changes 
ntal forces. Watson’s book 
when it was pub- 


Behaviorism, which had 


mon comes up: 


Watson's ideas z 


[e Very 


that hereditary constraints 
in human development are due to environme 


had a profound affect upon psychologists at the time 


lished. As you read this brief excerpt, you should be able to see why. 
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ARE THERE 
SUCH THINGS 


AS MENTAL DISEASES? 


John B. Watson 


I know that all of this more * less 
"u ^ discussion. about the analyst 
"nd d | physician raises some definite 
Band which may be phrased as 
Firm „s: Isn't there such a thing as 
pai disease? If so, what is it like 
a eo do you cure it? . 

As long as there is the misconcep- 
i going the rounds that there is 
such a thing as the mental, I suppose 
5 > will be mental diseases, mental 
1 and mental uia I 
the whole matter otherwise, mi no 
roughly outline my own viewpoint, 
n 888 of personality, or behavior 
me behavior disturbances, habit 
e are terms which I should 
is — se in place of mental dis- 
m mental diseases and the 
like. In many of the so-called psycho- 
pathological disorders ("functional 
psychoses,” “functional neuroses,’’) 
there are no organic disturbances of 
sufficient gravity to account for per- 


view 
an only 
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the 


av be 
sonality disturbance. There ae en 
no infections, no lesions pic t 
no absence of physiological FA 
(as there often is when there rina 
ganic diseases). And yet the p ivior 
has a sick personality. His be a 
may be so badly disturbed or i (a 
volved that we call him ire | 
purely social classification) qu. per- 
to commit him temporarily 01 
manently, 
No one has yet 
classification 
behavior 


or- 


“ile 
given us a sonal 
of the various types nt 
disturbance that are Ps 
al structure such as UDR: iyo 
Manic depressive ger 
neuroses, paranoia, & = ^ 
phrenia and many others. To me 2 
layman these 
I know in 


In a soci 
hear of 
anxiety 


divisions mean nobi, 
general what is meant ail 
appendicitis, cancer of the breast, Oe 
stones, typhoid fever ind 
Culosis, baresis, brain tumor and €Y 


m 
] 5 iN + le“ 
cardiac insufficiency, I know in gel 
Something 


when any 
tissue 


» tonsilitis, 


about the organisms prenn 
are present, the kind -5€ 
attacked and the general cours 
of disease and I 
the Physician 
about 


aystant 
the can underst 


when he tells me more 
Yet when the psycho 
tries to tell e 
Or a “homicidal 


them, 
Þathologist me 
"schiz" 


mania 


ARE THE 


an “hysterical” attack, I have the feel- 
ing, which has grown stronger with 
the ye that he doesn’t know what 
he is talking about. And I think the 
reason he doesn't know what he is 
talking about is that he has always ap- 
proached his patients from the point 
of view of the mind rather than from 
that of the way the whole body be- 
haves and the genetic reasons for that 
behavior. The past few years have un- 
questionably seen considerable pros- 
Tess in this direction. 

lo show the needlessness 
ducing the “conception of mind” 
so-called mental diseases, | oller you it 
fanciful picture of a psychopatholog: 
ical dog (I use the dog because I am 
not a physician and have no right to 
use a human illustration hope the 
veterinarians will pardon me!). With- 
my counscl 


of intro- 
in 


Out taking any one into 
Suppose I once trained a 
he would walk away 

ground, fresh hamburg 
would eat only decayed fish (true ex- 
amples of this are now at hand). 
tained him (by use of the electric 
shock) to avoid smelling the female 
dog in the usual canine way—he would 
Orcle around her but would come no 
Closer than ten feet (J. J: B. Morgan 
has done something very close to this 
On the rat). Again, by letting him play 
Only with male puppies and dogs and 
Punishing him when he tried to mount 
» female, I made a homosexual of him 
(F . Moss has done something closely 
akin to this in rats). Instead of lick- 
ing my hands and becoming lively and 
Playful when I go to him in the morn- 
ing, he hides or cowers, whines and 
shows his teeth. Instead of going after 
rats and other small animals in the 
Way of hunting, he runs away from 
them and shows the most pronounced 


fears, He sleeps in the ash can—he 
he urinates every 


dog so that 
from nicely- 
steak and 


fouls his own bed, 
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half hour and anywhere. Instead of 
smelling every tree trunk, he growls 
and fights and paws the earth but will 
not come within two feet of the tree. 
He sleeps only two hours per day 
and sleeps these two hours leaning up 
against à wall rather than lying down 
with head and rump touching. He is 
thin. and emaciated because he will 
eat no fats. He salivates constantly 
(because I have conditioned him to 
salivate to hundreds of objects). "This 
interferes with his digestion. Then I 
take him to the dog psychopathologist. 
His physiological reflexes are normal. 
No organic lesions are to be found 
anywhere. The dog, so the psycho- 
pathologist claims, is mentally sick, 
actually insane; his mental condition 
has led to the various organic difi- 
culties such as lack of digestion; it 
“caused” his poor physical condi- 
Everything that a dog should do 
—as compared with what dogs of his 
type usually do—he does not do. And 
everything that seems foreign for a 
dog to do he does. The psychopathol- 
must commit the dog to 
on for the care of insane 
dogs; that if he is not restrained he 
will jump from a ten-story building, 
or walk into a fire without hesitation. 

I tell the dog psychopathologist 
that he doesn't know anything about 
my dog: that, from a standpoint of 
the environment in which the dog has 
been brought up (the way I have 
trained him) he is the most normal 
dog in the world: that the reason he 
calls the dog "insane" or mentally 


has 
tion. 


ogist says I 
an instituti 


sick is because of his own absurd 
svstem of classification. 
I] then take the psychopathologist 


confidence. He becomes ex- 
“Since you've brought 
e him." I attempt then 
dog's behavior difficul- 
to the point where he 


into my 
tremely angry 


this on, 89 cur 


correct MY 
at least up 


to 
ties, 
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can begin to associate with the nice 
dogs in the neighborhood, If 
very old or if things have gone 
I just keep him confined; 
fairly young 
undertake to 
havioristic 
him and 


he is 
too far, 
but if he is 
and he learns easily, J 
retrain him. J 

methods. I uncondition 
then condition him. Soon ! 
get him to eating fresh meat by 
him hungry, closing 
feeding him in 
me a good start, I 
basal to use in 
keep him hungry 


use be. 


getting 
up his nose 


and 
the dark, 


This gives 
have something 
my further work. I 


and feed him only 
when I open his cage in the 


morning; 
the whip is thrown away; soon he 
jumps for joy when he hears My step, 
In a few months’ 


time I not only have 
cleared out the old but also have 


built in the new. The next time there 
is a dog show | proudly exhibit him, 
and his general behavior is such an 
asset to his sleck, perfect body that he 
walks off with the blue ribbon, 

All this is an exaggeration— 


almost 


E 
: . ; conne 
sacrilege! Surely there is no a 


sick 
» E | * poor $ 
uon between this and the J «wards 


2 jd 
souls we sec in the psychopatl the 


" r : mit 
ni every hospital! Yes, T ad Jemen 
exaggeration, but I am after € 


EA 

implicit 
E T" : ading for sim] Z 
tals here. I am pleading Í ig tones 


and ruggedness in the buildit 1155 


of om science of behavior. I uto 
ing to show by this homely illustri nly 
that you can by conditioning ae 
build up the behavior pagpa peor 
Patterns and conflicts in e e e 
sonalities, but also by the same pre 


„ of 
A » onset 
lay the foundations for a i resit 
^ which 1€ 
actual organic changes white 


=i 
0 


finally iy 
Without 
the 


"IONS 
Infections and lest ats 
Introducing the conce 


. $ m ence 
mind-body relation ("influc! ut 
| witho 


science 
even 


[t] 
mind over the 
leaving the 
In other 


body") or evel 

realm of natural 
-i Se 

words, as behaviorist 


N e 
k A jth th 
“mental diseases" we deal wil that 
A » laws 
Sume material and the same law len 
the ne 


> : ists € 
Urologists and physiologis 
with. 


Lange's study used the "twin-method" in the study of the tend- 
ency to become criminal. This method takes advantage of the fact that 
occasionally nature produces a pair of men with identical genetic 
makeup—identical twins, also called. monozygotic twins. (Monozygotic 
means simply that both individuals in a pair of identical twins originated 
in a single cell, or zygote, formed at conception. This cell split into two 
identical cells each of which eventually matured into a complete being— 
tical twins.) This happy circumstance means that we can 
look analytically at the extent to which the future behavior of these two 
individuals is similar even when they have grown up under very different 
conditions. To the extent that such similarity is found, and to the extent 
that there is more similarity for identical twins than for nonidentical 
twins, we can conclude that the genetic influences 
strong enough to overcome differences in environment. 

As you will sce, Lange is confident that he has found evidence that 
some people are cursed with a predisposition toward criminal behavior. 
Lange believes that some people, because of their genetic makeup, are 
more likely to become criminals than are others. This frightening and 
still controversial idea is obviously antithetical to Watson's approach. It 
provides a striking and important contrast. Those of you who have fol- 
lowed the recent controversy about the XXV chromosome, which some 
people believe indicates a predisposition to criminal behavior, will ap- 
preciate that Lange's book, published in 1931, may have been sub- 
stantially ahead of its time. 


one of the iden 


are significant and are 
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CRIME AS DESTINY 


Johannes Lange 


a would be an : improvement 
r r present-day justice if every year 
aus : rere held among all Citizens 
: 2 i "à land of ours in order to 
» n in should go to prison and 
ee not. The result of the 
ee B ild represent just as impartial 
"n ta justice as the one we now 
» ig x warid also give each of us 
sag fn for once to be pun- 
ish d mod reformed as à miserable 
S God would keep an eye on 
dud J ter and would take care that 
— poe who had not drawn prison 
0 a 1 lot would receive what 
ie — Thus writes Lindsey, 
97 — of the American 
courts, and according to 


they 
a 

children’s 
his alleged, 
sh not altogether likely, experi- 
eg ^ ought to know, God, before 
a eni are all guilty, is his witness, 
hig those whose life is poised be- 


tween mercy and hell, Lindsey's 
words certainly must have a deep 
meaning, Lindsey also Says Nothing 
which they will st 


aightway 
the many who have 


sight into 

edge of their COnscic 

the final bases of 

who have ne 

to free themselves, 
In Germ 


any 
many ear nest 


deny to 


unmitigated 


in- 
the Phenomena 


on the 
and into 
conduct, and 
NOt heen able 


USE Ss 
their 
vertheless 


as well 
beople 


as in 


America 
incline 


to views 
Reprinted 

Destiny by 
Unwin, y td. 


wilh permission 


fom 
lohannes La 


Crime as 
Nge. George Allen & 
London, 193), bp. 27-45, 


+ of the 
which come very close to thosc 


cording 
American judge of n 
to such views the criminal Li set ir by 
from the mas, of humanity, ps NA 
the stock he springs from, but ee 
cidental difficult sponte Ot 
which his life-history. aves 
put on as 
Childhood and hey ants 
as regards education. 1 
Way society is most to blame for a 121 
and the criminal. He is at sq ceo 
Martyr who only needs our puros 
sympathy, as well as help, educa 


and 
control 
blame is chiefly 
in Carly 
influence 


a 
. "um rood i 
and Waining, to become as anne 
Member of human society as any 
else, 


ame 

“All things are good as they ut 
out of the hands of their y rie of 
everything degenerates in the hanc is 
man.” This famous statement of 171 5 
SCau's is accepted by more people “as 
day than was ever the case since it wt 
Written, 
In other 
otherwise, 
few would 
Lindsey. 


people pages 
and even today only X: 
agree unconditionally w — 
The view that human Ee 
are intrinsically quite different i 
One another and that the 5 
given them Dy fate has only ry E al 
importance lor the developme n Sus 
bersonality is another held q 2 
bluntly and also by quite serious P of 
ple. Galton once used the example — 
the cuckoo, who sings the same + 15 
in all parts of the world, although his 


times 


eggs are laid in all kinds of different 
nests. The continuous merciless 
march of the hidden weaknesses in 
our nature through sickness to death” 
and also in the spiritual sphere was 
what Galton's investigations revealed, 
and he considers it a fair question 
to ask whether environmental in- 
fluences have any part at all in the 
development of personality apart from 
the fact that they facilitate knowledge 
and professional training. "One can- 
not avoid the conclusion that heredity 
has an cnormously greater weight than 
environmental influences when the 
differences in the latter do not go be- 
yond those commonly found. between 
persons of the same class and the same 
country.” Galton does not actually 
refer. to the problem of the criminal, 
but it is indubitable that if his con- 
clusions were correct they would have 
Breat importance in the field of crim- 
Inology, 

Such coarsely differentiated points 
ol view are only possible where cmo- 
tional reactions definitely influence 
the judgment. That emotional needs 
must. play an important part in the 
oe of how crimes come to be 
: ited is obvious. Moral, reli- 
pes ethical, political considerations 

the question before one has 
even considered the facts. “Taken 
alone, these could give one completely 
Clear and undeniable conclusions 
Without abolishing the contradictions 
of the various points of view. Galileo 
denied his incontestable discovery be- 
fore the religious tribunal, and yet it 
Was as certain as it had been before 
that the carth was the centre of the 
Universe. But here, in the case of the 
Problem of the criminal, even the 
facts are not completely clear. We do 
know numberless details but. nothing 
Conclusive. 
Thus we know the quantitative re- 
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lationship between certain social phe- 
nomena and crime; for example, the 
number of crimes against property 
rises during bad economic periods. 
Crimes of violence and sexual crimes 
have a definite yearly and even per- 
haps weekly curve, due to external 
causes, some of which we know. There- 
fore outward influences are certainly 
not without importance as causes of 
crime. On the other hand, we know 
criminal families who have been fol- 
lowed up for several generations and 
in whom the inclusion of bad as well 
as good blood is revealed in an un- 
mistakable manner. It has long ago 
been shown that hardened criminals 
are not seldom descended from crimi- 
nal parents or else have numerous 
criminal relations. We also know that 
hereditary taints, such as mental dis- 
cases, and particularly alcoholism and 
psychopathic disturbances, are very 
common in criminals, and that many 
of them are themselves mentally sick 
or otherwise abnormal. We know 
types of so little intelligence and so 
lacking in all social feeling that sooner 
simply must come up 


or later they 
im- 


the law. Owing to the 
portance of this fact the chief interest 
in the investigation of crime has 
shifted during recent years more and 
more from the deed to the doer. In 
spite of this the controversy as to 
whether unfavourable tendencies or 
are mostly responsible 
for crime has not been settled. At any 
rate, Lombroso's dream of “the born 
natural delinquent,” 
a special human type has been 
ish. Nothing remains 
of it except the sterile fact that a large 
number ol criminals are 1n some way 
or another abnormal, just a5 are many 
people who never come into com. 


against 


environment 


criminal," "the 


as à 
dreamed to a fin 


other 
flict with the law at all. 


We have hardly got a definite step 
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1 such general iwi 
Seron: myd we may talk, we —— 
DO ow enough about the grea 
do not = criminals to make certain 
majority E with them successfully. " 
" rae Mer s is not very ye goal 

ey " the point of view of = 
Lory ST n. Decisions of the most ar- 
e are made quite 
reaching —.— meade dius legal codes 
bre having tackled the basic qucs- 
without a See We are getting 
Hans r $ concept of punishment. We 
Tid * * comprehensive precau- 
nes safeguard society, we sterilise 
c e ls of criminals, and on the 
aang mt we claim for a number 
oner A protection on the ground of 
s puel. of self-control which make 
9 7 Hanger to society, while we 
ine know at all clearly who should 
be sterilised or who should Ls 
manently protected. We have E 
means for the simplest collection "i: 
investigation of the real basic material 
which should precede any such meas. 
ures. , 

That is the general Position to-day, 
and yet in certain cases, at any rate, 
the possibility of taking 
false attitude 
with ourselves, 
a blind risk thz 
shall become | 
criminal tendencies (if 
are such things) shall be 
without check, or shall 

destroy an 
aterial? 


be per- 


really 
propagated 
we, on the 
irreplaceable 
Must we decide 
whether or Not to abolish 
alty entirely from the 
of political expediency? 
ave thought that any so- 
ciety would 80 to the limit of trouble 
to get this matter cleared up. 
Actually the beginnings of re 
can be seen in one or 
Above all, a few education 


form 
two places, 
ists have set 


; y law- 
themselves to deal with dn 
breakers partly through profes 92 5 
interest, partly Umough ae eet so 
blended with such high idea i " have 
much self-sacrifice that when K ie put 
done all they can. thes ng uacy 
down failure to their own sn pee 
rather than that of their pq Min 
should be still more iege ge alga od 18 
from the child's point of view vom i: 
discover the roots of his tendenc «ling 
order to form his character himen 
to his innate possibilities, We aue SUE 
fumbling about far too ee ae 
the answer given me by an adimi wed 
and admired woman when I venti the 
to criticise some of her work eer 
Bround that she had made too 1 ratte 
of inborn tendencies. If such han do- 
ists had. their way every difficult pee 
lescent would have more e 
Permanent guide to look after mi 
even though it were not at all ems 
that all the trouble taken would res le- 
in success, We can certainly adn 
cide to-day whether it will be Lon att 
for any given individual to adapt M 
self Successfully to social igo cat 

As a preliminary to all cig 
measures we need wide and PH 
knowledge of criminals, In this n 
the State, with its huge wi rage 
and materials, can do decisive wor : 
And this task has been begun in 11 
few places, Above all I must cie 
the Bavarian Ministry of ju 
which in spite of opposition has n 
stalled at Degen’s instigation the b- 
stitute for Criminal Biology at Strau 
ing Prison, Here are collected as — 
records as Possible of criminals won ; 
have been thoroughly gone into 1 

doctors in order to lay 

ge. The numbe 
a small one and the 
€ to be made in ad- 
work, which takes 

the doctors’ time- 


gations hay 


to routine 
UP almost all of 


There is a dearth of people and 
meang to make full use of the material 
eb eot and with a curious failure 
E the importance of these in 
men i ns the State fails to provide 
88 nu) intres the situation. Yet 
a hes E heen done that there is 
Ties S or destructive criticism. 
clan an = pesa ii most loudly can 
Their : ewest facts to support them. 
we: ie proposals can only be 
which ode pin a mass of material 
meod, K ve proeured solely by the 
Siin 7 — nes attack. But it isa good 
States iL s ol all criticism, many 
ample ps 1 bu uie Busan s 
ebrio m other directions similar 
Whe s are being made. 
Waleri rim — — telis e ol 
MIL asia rorough ly investigated from 
Bitte se des view, then we shall be 
eyes ete, Mae criminals with our 
warily, ae Maul then we must 80 
ilie dene Ws in there is one way— 
up some 3 ive taken here—to clear 
nitély Seca 8 more defi- 
is » a iig ewe possible. This 
method. se of the so-called “Twin 


The Twin Method 


d d siae rs and sisters born 
cites — A sie in the majority of 
decisive een dp together. In the 
have (A of development they 
liya bes common experiences and 
tional inn Subject to common educa- 
ronssin tenges Apart from pairs 
sister, : id bt a twin brother and a twin 
Sine ces i are pairs of twins of the 
merge is rut of quite different con- 
puon and formation. 
. 155 most famous example of one 
mi T twins of the same sex are Jacob 
ee D the sons of Isaac and Re- 
. a. They were not only different in 
appearance—Esau was red-skinned 
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and rough, Jacob was fair and smooth 
—they had different voices and a dif- 
ferent odour. In their tastes and their 
characters they differed equally. Esau 
was a hunter, rough, straightforward, 
uncontrolled, violent-tempered, and 
simple, and married wives of a lower 
class, sometimes against his father’s 
orders; Jacob was a shepherd, smooth- 
speaking, artful, lying, out for his in- 
heritance, and sly—at the same time 
tough, moody, and unjust. In choosing 
his brides he was cautious and self- 
sacrificing. The brothers were about 
as different from one another as sibs ! 
be. Twins as different 
as these in appearance and character 
quite common; they are called 
twins, and there is good 
that they have been 
a which were simul- 
According to their 
resemble or 
bout as much 


could possibly 


are 
dizygotic 
reason to suppose 
born from two ov 
taneously fertilised. 
innate dispositions they 
differ from one another a 
as ordinary sibs. 

On the other hand, 
of the same sex who look so alike that 
it is almost impossible to tell them 
apart and whose personalities are also 


there are twins 


practically identical. According to 
general opinion, they have both 
one and the same fer- 


sprung from 
tilised egg and have th 
the same hereditary disposition. A 
well-known example in literature are 
the brothers Weidelich in Gottfried 
Kellers Martin Salander. I suspect 
that they were drawn from life. They 
were as like as one egg is to another; 


ercfore exactly 


in their behaviour they were also 
exactly similar. Independently both 
deceptions at the same 


committed 
time and in the same way. Outwardly 


they were just a little different ac 
cording to circumstances. 
The first person to think of using 
1Sib is a collective name for all children 
born of the same parents. 
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zygotic and dizygotic twins e 
MEN hie problem of heredity and en. 
a ; Ws was Galton, who in 1876 
pn el results which are vi ee 
ien t today. He chose two different 
PNEU: investigation, taking 95 very 
i il: r, Llc. monozygotic, twins in 
era ; see what possible differences 
m vods between HB. amg 
(en very dissimilar, ed rong 
twins in order to find out whet er S 
same outward influences 1 
their resemblance. He gs is ids 
conclusion already mentioned, ; at 

CÉredity has a far greater influence 
= environment. Twins with the 
ame heredity seldom bec ome different 
Penn i her, and if they do the 
from one another, a b 
diflerence is not due to ree-wi - 
This was never denied by Galton's 
numerous clerical informants, On the 
other hand, similar experiences did 
not increase the resemblance between 
dizygotic twins. i 

Increasing experience 
more and more clearly 
markedly similar outw. 
agree with one another in 
number of definite 
such as the colour and 
hair, eye colour, skin col 
tion of body hair, etc., 
dizygotic twins these characteristics 
are like those of other sibs, i.e, 
are very seldom exactly similar, or, if 
some may be, the whole lot never are. 
Further, it was found out th 
zygotic twins always hag 
hereditary diseases or else 
remain from f 
whereas nonidentica] 
this respect like their 
and sisters, ie. : 
at the same 
ben 


has shown 
that twins with 
ard appearance 
a large 
characteristics. 
‘ype of their 
our, distribu. 
whereas with 


they 


at mono- 


the same 
both would 


free amily troubles, 


trol the appearance of ensis is 
Cases, and inborn tendencies: 1 
actly the same in mongey 5 fra 
but different in the dizygotic P 
the case of the latter, in view seh m 
similar parentage half i 

nate tendencies are the same. nis os 

Now there are diseases which 

not exclusively 
whose 


about 


due to heredity but i 
outward u 
Play an important rôle. ep oe 
to these, monozvgotic and dizyg 2 5 
twins show Characteristic has ce 
The greater the weight of Mage st a 
the more closely each of a given able 
01 Monozygotic twins will D ees of 
One another: as the ri cantor 
heredity is reduced the susc enone 
of Monozypoti twins will EGNEN at 
that of two more children og 
the hom separately 


Case 


two or 
same time 
tilised Cees, 

The resemblances between sical 
^YBOliC twins do not stop at pn are 
characteristics Or disease; there veis 
remarkable resemblances on the man 
tal plane, It is very rare to find poen 
beings who are really identical heir 
this point of view—for example, à it 
Writing is generally eee DR 
has been found that exactly 1 
attitudes on the part of EA 5 
twins towards essential matters, 101 
aS a career or marriage, or their m 
eral relationship to their o depart 
are extremely common. Here eue 
Similar heredity plays its part. aei les 
itary Nervous ang mental we” 
affect both of a pair of monozyg or 
twins almost without 
else both escape them, 

All this justifies 
sults obtained with 
examine the 
50 to what e 


mono- 


exception, 


us in using tire F 

twins in man if 
question whether, pgs 
xtent, experiences of sal 
most different kinds are ade vane 
by our inborn tendencies. pr ae 
especially has Systematically and 5t 


cessfully used this method. Complete 
agreement in the case of closely re- 
sembling twins backs up the view that 
heredity is chiefly, or at any rate pre- 
bonderantly, responsible for one's ex- 
perience, According to how much the 
e A E identical 
doch s, by just so much is the 

ence of heredity in determining 


behaviour of 


ES . 
dur fate diminished. 


es of the Twin Method in 
nvestigating the Causes of Crime 


A. GENERAL 


mu obvious that the Twin 
thes i on d be used to determine 
the de nee of innate tendencies in 
try ar eens of crime. H the heredi- 
ioc a no importance, a 
dizygotic 0 eee and 
10 et i eid of twins ought to show 
ilie eta tie Agreement between 
would d 1 el monozygotic USUS 
portance ng accordance with the im- 
ment in ^ Meses. A lack ol agrec- 
ties] ia e case of twins with iden- 
Bst ute. ct ny would enable us to 
8 ; g importance of environ- 
we Soe elon: to crime. Finally, 
Efe e 3 the behaviour of 
brothers a Bina with that of other 
wiih 8 ! If in comparison 
with i eo i and sisters twins 
* showed closer 
cerned, il E far as crime was Xon; 
mental 8 i importance of the environ- 
59 in e luences would be shown to 
10 reased in proportion, as the lat- 
Sta an only be considered exactly snm 

ar in the case of those who have 
Brown up together. 


B. MATERIAL 


common, 


very 
is born to 


l, Twins are not 
oughly speaking, one pair 
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every eighty ordinary births. In ad- 
dition, about 40 per cent. of twins 
die, a far higher percentage mortality 
that that of average children, owing 
to their weakness in infancy. The only 
twins considered suitable for our in- 
vestigation were those who were both 
old enough to be prosecuted by the 
law; for it very often happens that 
one or the other twin dies young. 
Brother and sister pairs did not count 
for us, as it is well known that the 
differences between the sexes, as far 
as crime is concerned, are very great. 
Thus we had to find one of a pair who 
had been imprisoned and whose other 
twin was still living, was old enough 
to be able to come in conflict with the 
law, and was of the same sex. 

The material was provided by the 
records of the Institute for Criminal 
Biology. Furthermore, at our request 
the Bavarian Ministry of Justice or- 
dered that all prisoners in Bavarian 
twins should be re- 


prisons who were 
ported and examined from the point 
In ad- 


of view of Criminal Biology. 
asked for such prisoners 


dition we also 
and 


as had twins among their brothers 
sisters who might also be of an age to 
be sentenced. Finally, I looked among 
the. psychopathic patients of the Gen- 
calogical Department of the German 
Institute for Psychiatry for twins who 
had been imprisoned. I also asked all 
twins whom I met in the course of 
my hospital duties for criminal rec- 
ords. All those twins who fulfilled the 
above-mentioned conditions were 
taken as subjects. First of all, the 
criminal records of the subjects them- 
selves and of their twin were exam- 
Then I interviewed those twins 
who were still in prisons. We then 
went into the degree of resemblance 
e life-stories of all the subjects. 
and sentences were, of 
same time. 


ined. 


and th 
Police records 


course, examined at the 
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These were put at my disposal as ‘well 
as other ordinary official documents, 
On various other pretexts I got some 
of the criminal twins to come for in- 
terviews to my consulting-room. 
Others I visited at their homes in dif- 
ferent cities. My former colleague, Dr. 
Grüber, undertook particularly de- 
tailed researches at my request. | 
also very grateful to Professor 
and Dr. Faltlhauser in 
Frau Dr. Schmidt. Kruepelin 
wigshafen. Fräulein Dr. Emy Metzgel 
in Frankfort, Fräulein Anny Weber 
in Burgebrach, and my colleagues Dr. 
Guttmann and Dr, Mosbacher 
their valuable help. 

All investigations had to be made 
with the greatest care, as in 
could we divulge the source of the ad. 
dresses or the reasons for the que 
asked. In order to avoid 
did not even inform my helpers of 
what I was really after, Whenever | 
suspected myself of being Prejudiced, 
I endeavoured to bring in other 
helpers, whom I entrusted with clear- 
ing up the question of Personal re. 
semblance, without, however, 
ing them of the criminal 
this way I think I did 
keep the investigation 
jective influences. 

In a large number 
exact measurements: in almost all of 
them several Photographs, in a lot of 
them duplicate Observations as well 
as finger. prints. In three cases it hap. 
pened that twins who ha 
moned to my 
other alleged re 
neously in the c 
versation ; 


am 
Ewald 
Erlangen, 

in Lud- 


for 


no ¢ ase 


stions 
Prejudices I 


inſorm— 
records. In 
all I could to 
free from sub- 


Of cases J have 


law. In Other cas 


attempts at in- 
and gave either the most 


Seneral or else unsatisfac tory ger 
tion. In other Cases the question RI 
monozygotism dizygotism cou : 
not be cleared Up satisfactorily — 
to various difficulties. These cases 
shall discuss later. 


or 


C. Resurrs 


Thirty seven 
discovered 
Way. 


were 
this 


pairs of twins 
and investigated in " 
In addition there were two er 
Pairs, about Whom I have a great den 
of information, but whose derivation 
Could not be ascertained, i fit 
The thirty-seven pairs includes zy 
teen monozygotic and twenty-tw 


dizygotic Couples, 


In two cases Of monozygotics aa 
five of dizygotics neither twin i 
bcen imprisoned “these were ym 
discovered among the LotR Ni 
Sisters of ordinary prisoners. Thes 
have 


3 á tion. 
Nothing to do with our quest 


. us 
Otherwise I should have to a e 
Material the Many pairs among mM) 
other inye 


"ee : 4 who 
SUgations into twins 
have 


never been imprisoned. cs 
his leaves US with thirty cei 
thirteen monozygotic and seventect 
dizygotic, one of whom, i.e, the sub- 


s 1 A 4 en im- 
Ject first investigated, had been i 
Prisoned, 


Among 
Pairs the 
Prisoned 
Cases h 


the thirteen : 
Second twin was also im- 
in ten Cases, but in three 
ad remained clear of the law- 
among the seventeen 
the Second. twin had 


'gotic 
monozygot! 


m 
dizygotic patr 

M sq 
also been in 


monozygotic tanins 
teact in a definitely sim- 
' dizygotic twins behav 
d differently. TE therefore, we at- 
importance fo the twin method 


of mvestigation we must admit that 


as far as the causes of crime are con- 
cerned, innate tendencies play a pre- 
bonderant part. 

One pair of dizygotic twins, both 

of whom were imprisoned, I should 
really place with the monozygotic. 
Two separate and reliable investiga- 
tors took measurements which, to- 
gether with photographs, showed 
complete agreement in unusual bodily 
characteristics, complexion, and so on. 
Jam not inc luding them because it is 
recorded that the twins were never 
taken for one another. This can be 
due to differences caused by environ- 
mental influences, to a different shape 
of the skull or the jaw-line, but I can- 
not be sure of it. I therefore prefer 
to leave them out. 
I must just mention two pairs not 
included in the investigation. In one 
Case they were twins of twenty-three 
years of age, one of whom stabbed the 
Other to death. According to Par. 51 
of the legal code the survivor was ac- 
quitted. No photographs of the victim 
exist. The relations are not intelligent, 
but they declare that there was a close 
resemblance between the two brothers. 
1 he record of the twin who was killed 
apparently clean. But he was always 
threatening his twin, his other 
brothers and sisters, even his mother, 
With the knife, and like the survivor 
he was a bad lot. 

Both brothers were feeble-minded, 
the survivor a little more than the 
dead one; both were hard of hearing 
and short-sighted. The living one was 
rather better-tempered and also more 
sentimental. Both of them had had 
Many illnesses and had been badly 
knocked about by their drunken 
father. 1 saw the survivor and found 
there were still scars on his head. 
They were almost certainly monozy- 
Bolic and should be classified with 
those whose conduct agreed. 
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The other pair were girls, now 
about twenty-four years old. Here are 
their records: 

Lower Court. Un- 
licensed. prostitu- 
tion. Two weeks’ 
detention. 

Court of 


ANNA. I. 1920. 


2. les 
1922. Jurors. 


Theft. Fourteen 
days“ imprison- 
ment. 

3. 1924. Swindling. Four 
weeks’ imprison- 
ment, 

4. 1924. Giving false in- 
formation as to 
identity. Four- 
teen days’ de- 
tention. 

MARIA. I. 1921. Court of Jurors. 


Theft. Five days’ 
imprisonment. 


9. 1922. Court of Jurors. 
Theft. Three 
weeks’ imprison- 
ment. 


In this case the results of investiga- 
tion were meagre. The twins them- 
selves could not be got at. Their par- 
ents did not reply to the letters sent 
them. The records of the hospital 
where A. was taken were lost. The 
reformatories to which both were sent 
could give us no information with 
regard to our problem. We received 
helpful and detailed information from 
their birthplace, but the twins were 
there for a short time only. We do 
know that both were of low intelli- 
gence and were often ill, and that they 
were apparently not extremely alike. 
One of them had epileptic attacks. 
We have a clinical record of one of 
them, but not much can be got out 
of it. Finally, we know that the mother 
was a warehouse thief and systemati- 
cally taught the children to steal. 
This fact makes them straightaway 
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unsuitable as material, in any case so 
long as they were still young. If clas- 
sified at all on these facts they would 
have to be added to the monozvegotics 
of similar behavior. . 
I just want to mention the brother 
and sister pairs about whom we ac- 
cidentally got some information, In 
nine cases the twin brother 
tenced but not the twin sister. In one 
case the twin sister was imprisoned 
several times for theft and swindling 
and was finally given four years for 
fraud. The twin brother, who was 
business manager of a large hotel, once 
incurred a small fine during 
flation period for putting up his prices 
contrary to the law; he had raised the 
price of beer one day earlier than the 
law allowed. In other ways his con- 
duct was without fault, and he felt 
that he had been unjustly condemned, 
as he claimed to have made a Mistake, 
In the last case, one of triplets, 
sister of sixteen years was very he; 
punished with eight days’ detention 
for staying away from school, while 
the two brothers had clean records. 
If, therefore, we analysed these 
as unfavourably as possible 


was sen- 


the in- 


the 
Wily 


Cases 
from the 


Point of view of innate tendencies, the 
result would be as follows: ue 
Among thirteen monozygotic pair i 
ten would agree and three would 
agree. Of thirty dizygotic pairs. fiv 


ive. would 
would agree and twenty-five Ww 
disagree, 
: 1 s g «ling to 
If we distributed them according 


what seems most highly probable, wA 

should get the following proponen w 
Of fifteen monozygotic pairs, 9 

would agree and three z 5 is 

agree; of twenty-eight dizygotic d 

two would agree and twenty-six woul 

disagree, ad 
But these additions would not alte 

Proportions. 


the basic of 

If we Only took the Id 
Which we are certain, the result neat 
be that Whereas 77 per cent. of nen 
Wins agree in their eS 
in relation to caime, only about ^7 
ber cent, P 


would 


numbers 
Zygotic 


of the dizygotic twins de ive 
The proportions of these figures ae 
zome insight into the environne e 
influences, as does the lack of comple" 
agreement of the figures regarding e 1 
monozyeotic. But such numerical 1 11 
Culations have no real value in Sue 
Complicated Cases. 


lus 1 . selection taken from Watson's book, Behaviorism. 
tions of 5 POS dee concerned with the relative contribu- 
Ene schen iura nc Aae enen tortor m human development: At the 
an incredibl - 0 5 we writing, instincts" were being invoked to explain 
leuten e. € range 01 human behaviors. Towards the end of this 

, Watson mentions a list proposed by William James including 
. and constructiveness as basic instinctual 
In this chap- 
orist point of 


eae modai kleptomania 
(Ge trons 1 8 8 5 vid human beings presumably inherit. 
Mews ihat Prec n section again argues from his firm behavi t 
A bel 0 EE oe ey important inherited constraints 
makeup) fies nisi 10 ‘ atraen COTS? due to changes an body 
thet conan hee ri ac ton influencing behavior are experiential ones. 

a s article try to decide whether you think Watson is over- 


emphasizi ^ 
phasizing the importance of “nurture.” 
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ARE THERE ANy 


HUMAN INSTINCTS? 


John B. Watson 


When the array of facts 
subject is not very comple 
tomary to announce a 
state what one is g 


about any 
te it is cus. 
thesis, that is, 
oing to try to prove 
and then try to prove it by a logical 
argument. We are all in that Position 
today about man’s equipment at birth, 
We have not the full complement of 
facts about the so-called “instinctive” 
nature of man; hence, please look 
upon the next lew chapters Doth as 
logical presentations of what facts 
there are in the case and ag à thesis 
which the behaviorist is trying to 


defend. I shall Present the behavior- 
ist's thesis first, 


The Thesis Presented 


Man is an animal 
tain definite types of s 
that kind of Structure, he 
to respond to stimuli 
tain ways 
heart beat g. 
fairly full list Will be 


avior- 
w., Norton Com- 

25 by Peoples 
> Copyright re. 
tson, evised edi. 
M. Norton & Com. 
renewed 1958 by Joli 


pany, Inc, Copyright 1924, 
Institute Publis 

newed 1959 
tion Copyright 
pany, Ine. 
B. Watson, 


Wa 
1930 by wy 
Copyright D 
bp. 93-773 


E zs in 
eXists a certain amount of 5 
each—the Variation is probably pe 15 
Proportional to the variation cd of 
in structure (including in struct 11 is 
course, chemical constitution). now 
Probably the same repertoire first 
that it was when the genus Dona ago- 
“Ppeared many millions of years at 
Let us call 
man's α⁰⁰jœ§c 


In this rel 
man 


actions 
this group of react 
ted behavior. "aT 
. : ist € 
atively simple list corre 
responses there is none n "in 
bonding to What is called a logists 
Stinct” present-day a us 
ists. There are then 


argely o 
today is a result up oes 
belongs to à 


training 
chavior, 


1 


man's 


» le 


on 
pend on training that goes ines 
Mainly in the cradle. The one 
Say: “He inherits 1 
üpacity or talent for * 
Isman” He would say: ler 
ainly has his father's 1 
body, the same type of 8 
lis wonderfully like his 13 
too, has the build of 


swordsman.” And he would go on to 
Say: "—and his father is very fond of 
him. He put a tiny sword into his 
hand when he was a year of age, and 
in all their walks he talks sword. play. 
attack and defense, the code of ducl- 
ling and the like." A certain type of 
structure, plus early training—santing 
—accounts for adult. performance. 


The Argument in Its Defense 


* start by saying that from now 
a an for us is whole animal. 
When he reacts he reacts with cach 
“ted every part of his body. Sometimes 
© reacts more strongly with one 
group of muscles and glands than with 
n P des say he is doing 
irn EX Ve have named many ol 
hendre such as breathing, sleeping, 
crying p^ SAIS running, fighting, 
each of “en please do not forget that 
yese named acts involves the 

Whole body. 
T ed Wins begin, too, to think of 
te sed) a mammal- a primate—a two- 
ie oe with two arms and two 
tiat bis mobile hands. As an animal 
i lene hohe nity on embryonic life, 
veloping Mc Css infancy, a slowly de- 
ke e i * cight years of ado- 
thyée — — i total life span of some 

We € years and ten. f 

ona a this animal living in the 
nale 1 nost without shelte going 
mals 1 * upon easily caught ant 
require | upon fruit and. herbs that 
e no cultivation. We find him 


in : j s 
lie temper ate regions, but dwelling 
lon in well built, steam heated 

uses. We find the male always 


heavily clad even in summer, wearing 
a hat upon his head—the only nat- 
urally protected part of his body. We 
find the female of this species dressed 
in the scantiest of clothes. We find 
the male working frantically (che fe- 


ARE THERE ANY HUMAN INSTINCTS? 41 


male rarely) at almost every kind of 
vocation, from digging holes in the 
ground, damming up water like 
beavers, to building tall buildings of 
steel and concrete. Again we find man 
in Arctic regions, clad in furs, eating 
fatty foods and living in houses built 
of snow and ice. 

Everywhere we find man, we find 
him doing the strangest things, dis- 
playing the most divergent. manners 
and customs. In Africa we find the 
blacks eating one another; in Southern 
China we find men eating rice and 
throwing it towards the mouth with 
In other countries 


dainty chopstick 
we find man using a metal knife and 
fork. So widely diflerent is the adult 
behavior of the primitive Australian 
bushmen from that of the dwellers in 
internal China, and both of these 
groups diller so widely in behavior 
[rom the cultivated Englishman, that 
the question is forced upon us- Do all 
members of the species homo wherever 
they are found in biological history 
start at birth with the same group of 
and are these responses 
aroused by the same set of stimuli? 
Put in another way, is the unlearned, 
birth. equipment of man, which we 
have been in the habit of calling in- 
stincls, the same wherever he is found, 
be it in Africa or in Boston, be it in 
six million mc. or in 1930 
the same unlearned 
ther born in the cot- 
South, in the May- 
e silken purple 
alty? 


responses 


the year 
Ap»; Has he 

equipment, whe 
ton fields of the 
flower or beneath th 
quilts of European roy 
The Genetic Psychologist’s Answer 

psychologist—the stu- 
dent best qualified to answer this 
question—hates to be faced with it be- 
cause his data are limited. But since 
he is forced to answer he can give his 


The genetic 
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honest conviction. His answer is, “Yes, 
within the limits of individual 
tion, all men are born alike 
of the station of their 
less of the geological 
are born 
graphical 
born.” 


varia- 
regardless 
parents, regard- 
age in which they 
and regardless of 


the geo. 
zone in 


which they 


are 
But one may say: “ 


Is there nothing 
in heredity—is there 


nothing in Cu- 
antage in being 
—has there been 


genics—is there no ady 
born an F. F. v 


no 
progress in human evolutionz" Let us 
examine a lew of 


the questions whic h 
excite 


% many people almost to the 
point of combat. 

Certainly black Parents will bear 
black children if 


the line is bure (ex. 
cept possibly once in a Million 


or so when a sport oi "mutant" 
which theoretically may be 
low or red). Certainly 
skinned Chinese pare 
yellow skinned 
Caucasian 
children, 
tively 
other 


years 
is born 
white, yel- 
the yellow 
nts will bear 
offspring, Certainly 
Parents. wil] bear 
jut these differences 
slight, They are 
things to 
amount and kind 
skin. It would be 
these. infants at 
havior, and 
behavior 


white 
are rela- 
due among 
differences in the 
of Pigments in the 
very difficult to take 
birth, study their be- 
mark off differences in 
that would characterize 
white from black and white or black 
from yellow. T here will be differences 
in behavior but the burden of proof 
is upon the individual, be he biologist 
Or who claims that 
differences are greater 
Individual differences, 
Again one 
about childre 
have | 


CUgenicist these 
racial 


than the 


hears the question: 
n born from p 
arge hands, 
Sers, extra fingers 
shown th 


“How 
arents who 
with short still fin. 
Or toes? Jy 


can be 
at children 


from 


these par 
ents inherit these beculiarities of 
Structure Our answer is: Yes. thou 
Sands of Variations 


are laid down in 


2 car 
the germ plasm and will always ue 
(other factors being equal) n ici of 
spring. Other inheritances arc T skits 
hair, color of eyes, texture O with 
Albinism (very light individuals 
little or 


1 wes— 
g i air and e 

10 pigment in hair an * 

Vision 


me. Ts 
always being Voci uer 
i i ie | makeu 
biologist, knowing the make e pre- 
Ci 
Parents. and 
dict many 
ch 


grandparents, scire 
of even the finer stri 

m ing. 
“acteristics of the offspri 


ere 
So let us hasten to linii yes a m 
are heritable differences in renee 
structure, Some people are iac ants 
long slender fingers, with de tall, 
throat Structure; some are bens 
large, of Prizefighter build; € 


with deli 
These 
plasm 


ins- 
; e. color 

ate skin and 2 Ma germ 
from 
is 


differences are in 
and are 
Parent to child, 
the inherit 
early or l 
loss of ha 


handed down bie 
More questionab ihe 
"nce of such things Si 
ate graying of hair, the veal 
ir, the span of life, the 


(0 
NS Of twins, and the like. od 
these Westions have already nany 
answered by biologists and peing 
others are: in the process of 8 
answered, But do not let d US 
doubted facts of inheritance lade bi- 
astray ag they have some of e ese 
Ologists. The mere presence of d 
Structures tells us not one thing abe 


: in. M 
function. This has been the source 
a Breat deal 


à 4 fi N 
Of confusion, Muc 


i 
our Structure laid down in ier 
Would never Come io. Tight, pm 
never show in function, unless m 
organism Vers pur in certain wd 
“ronment, subjected to certain st! 
uli and 


forc ed 


ining- 
fo undergo: train 
Our heredi, 


“TY structure lies reads a 
2€ shaped in a thousand gitteret 
Ways—the Same structure depending 
on the Way 


2 s E is 
m which the child if 
Up. To Convince onese 


measure the right arm of the black: 
smith, look at the 


Ought 


2 18 
Pictures of strong 


5 55 oo m terrible magazines de- 

116 5 culture. Or turn to 

Wehe Ree back of the ancient 

turally a Lene people are iid 

TW $ viped (within limits) by the 
s of lives they lead. 


Are * 
Mental" Traits Inherited? 


> 
They vus admits this about 
how about yf paei and mus les—"now 
behieviarisr mental traits? Does the 
talent is n mean to say that great 
tendencie S. Galeries Phat criminal 
we can 5 pu not inherited? Surcly 
Inheiten ies that these things can be 
the ides his was the older idea, 

E up before we 


1 which grew 
knew as Brew 
early 


shaping Pond: about what i 
do as we s SUED infant life will 
often pui o know. The question is 
the rs specific form: Look at 
Clans; ere who are sons of musi- 
Of the poe Wesley Smith, the son 
surely a des economist, John Smith 
there w upan the old block if ever 
nives kn LÍ Ihe behaviorist recog: 
d O ni | things as mental traits, 
him, there or tendencies. Hence, for 
Question setae no use in raising the 
in its old t the inheritance of talent 
West is or Pus 
CN Econ uiis was thrown into an 
feeked id carly in life that fairly 
Social que | économie, political and 
his Hi sicci His attachment for 
took E. wa) strong. The path he 
1110 Pos 7 very natural one. He went 
Your ib» n for the same reason that 
anes we 1 a lawyer, a doctor, 
ne: KE If the father is a shoe- 
e sn eee or a street 
socially is E engaged in any other 
son T nrecognized occupation, the 
Editer: § not follow so casily in the 
1950 e e that is another 
in or hy did M esley Smith succeed 
ia ung eminence when so many 
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sons who had famous fathers failed to 
attain. equal. eminence? Was it be- 
cause this particular son inherited his 
father's talent? There may be a thou- 
sand reasons, not onc of which lends 
any color to the view that Wesley 
Smith inherited the “talent” of his 
father. Suppose John Smith had had 
o by hypothesis all had 


three sons wh 
anatomically and 


bodies so made up 
physiologically that each could put on 
the same organization (habits) as the 
two.) Suppose further that all 
three began to work upon economics 
the age of six years. One was be- 
He followed in 
and due to his 


other 


at 
loved by his father. 
his father's footsteps 
father’s tutorship this son overtook 
and finally surpassed his father. Two 
the birth of Wesley, the 
second son was born; but the father 
was taken up with the elder son. The 
s beloved by the mother 


less of her husband's 
the 


years after 


second son wit 
now got 
so she devoted her time to 
The second son could not 
in the footsteps of 
his father; he was influenced naturally 
what his mother was doing. He 
up his economic studies, 
and ultimately became 


who 
time, 
second son. 
follow so closely 


by 
early gave 
entered society 


a “lounge lizard." The third son, 
born two years later, was unwanted. 
The father was taken up with the 


r with the second 
was also put to 
but recciving 
rifted daily 


eldest son, the mothe 
The third son 
economics, 
care, he d 


son. 
work upon 


little parental 

towards the servants’ quarters. An un- 

scrupulous maid had taught him to 

masturbate at three. At twelve the 
f him. 


homosexual 0 
neighborhood 


cket, then 
lrug fiend. 


chauffeur made a 
Later falling in 

thieves he became 
a stool-pigeon and finally a € 


with 
a pickpo 


t we do not mean 


1 And by this statemen 
identical. 


that their genetic constitution is 
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aresis an insane 
2 te nothing wrong 
aii ak e a of any one of these 
= E^ by hypothesis had equal 
pom is at birth. All could have been 
Came eh of fine, healthy sons if 
cl * vective wives had been of 
bey a (except. possibly the third 
aoe e he idee syphilis). 
ur xs tors will probably say that the 
| "med is flying in the face of the 
E vom: facts of eugenics and experi- 
xt evolution—that the p 
have proven that many a 
havior characteristics of p 
are handed down to the M s 
the will cite mathematical 
ei al ability, and many, many other 
cu i reply is that the ge 
are working under the banner of the 
old "faculty" psychology. One 
not give very much weight to any of 
their present conclusions, We no 
longer believe in faculties nor in any 
stereotyped patterns of behavior 
which go under the names of 
and inherited “capacities. 


in 


eneticists 

the be- 
parents 
pring— 
ability, 


neticists 


need 


"talent" 


Differences in Structure and 
Differences in Early 
Will Account for AI 
in Later Behavior 


Training 
i Differences 


We have alre 
though there 
in structure 
that man’s 
acts has differed widely 
ages or that he h 
more or less ¢ 


complex training than he 
The fact th 


at there are m 
vidual variations 


men has heen known 
began, But we hay 
Utilized it in 
havior, J want 
only re 


ady asserted th 
is individu 
we can find 
unlearned repertoire of 
through the 
been either 
Putting on 
is in 1930. 
arked indi- 
in structure 


as ever 
apable of 


among 
biology 
fic iently 
man’s 


since 
e never su 
analyzing 
lo utilize 
cently brought ou 


be- 
another fact 


t by the be- 


ani- 
haviorists and other unused 
mal psychology. Namely, €——9 in 
formation starts in all pro mn in the 
embryonic life and that oe ae be- 
tuman young, environment 1 older 
havior so quickly that all of behave 
ideas about what types a learnt 
are inherited and what ar in struc 
break down. Grant variations ! forma 
ture at birth and rapid inim a basis 
tion from birth, and sou he called 
for explaining many of the a1 Chit? 
facts of inheritance of “menta {wo 
acteristics. Let take 


these 
points: 


us up 


(1) Humar 


z z he 
| Beings Differ in t 
Way The 


y Are Put Together 


e the 

In our study of the makeup e ihe 
body, we obtained a faint er the 
Complexity of the material makeup 
Processes that enter into the d qm to 
of a human being. It enabled must 
tolerate the fact too that — a 
variation in the way these c 


cated tissues are put joya e that 
have just brought out the us with 
some ‘luigi beings are borti some 
long fingers, some with short; 


ome 
with long arm and leg att 
with short; some with hard over” 
and some with wen y 
developed glanc : 


w 
kno : 
functionir ings DY 
lir ara i 5 an beings 7^ 
Mat we can identify hum: sen 
differences in their finger-pril ad the 
two human beings have ever hi mar 
same fingerprints yet one can from 
and epee E 
:mals. 
all other anima 


.actlY 
i exa 
Ings have bones 105 


soft; some w 
ls; some with 
18 glands. Again we 


an be 
mammal. 


he 
: id 
as the markings "e we 
ers in every individual, 


have absolute proof that general be- 
havior will and must be different. In- 
fants crawl differently, cry differently, 
differ in the frequency with which def- 
ecation and urination occur, diller 
in early vocal efforts, in requirements 
for food, in the speed and rapidity 
with which they use their hands—even 
identical twins show these differences 
—because they differ structurally and 
differ slightly in their chemical 
makeup. They differ, likewise in the 
finer details of sense organ equip- 
ment, in the details of brain and 
qe structure, in the heart and circu- 
a e and in the length, 
ihe ea thickness and flexibility of 
E ped muscular systems. 
a all of these structural dif- 
E lo man's a man for a’ that 
ne -—— ia of the same material 
Gral art men and has the same gen- 
habi architectural plan regardless of 
abit. 


M Differences in Early Training 
ake Man Still More Different 


wee are then admittedly these 
au ae: significant differences 1n 
and Pane between each human being 
Sides very other human being. Differ- 
155 in early training are even more 
narked. We now know that condi- 
toned reflexes start in the human 
child at birth (and probably before) 
IMG know that there is no such thing 
as giving two children, even though 
belonging to the same family, the 
Same training. A doting young mar- 
ried couple have twins—a boy and a 
Birl-the children are dressed alike 
and fed alike. But the father pets and 
fondles the girl, surrounds her with 
love; the mother treats the boy in 
the same way, but the father wants 
the boy to follow in his own footsteps- 
He is stern. with him—he can't help 
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shaping the boy his way. The mother 
wants the girl to be modest and 
maidenly. Soon these children show 
differences in behavior. They 


great 
receive different training from in- 
fancy. The next children are born. 


Now the father is more taken up with 
affairs-he has to work harder. The 
mother is more taken up with social 
duties; servants are brought in. The 
younger children have brothers and 
sisters; they are brought up in a world 
wholly different from that of the older 
One child falls ill. Strict 
is abandoned, all rules are 
sickly child. Again, one 
child gets badly frightened—becomes 
conditioned—shows fear at everything; 
timid and his regular 
course of boyish activity is interfered 
with. Indeed we may take an actual 
case. Two girls, aged nine, live in ad- 
joining houses. They have the "same" 
training (mothers are close friends 
and bring up children according to 
the same rules). One day they took a 
walk. The girl on the left looked at 
the street and saw only street activity, 
the one on the right looked towards 
the houses and saw à man exposing 
his sex organs. The girl on the right 
was considerably troubled. and dis- 
turbed and reached equanimity only 
after months of discussion. with her 


children. 
training 
off with a 


he becomes 


parents. 
The Conclusion We Draw 


How will these two points explain 
the so-called facts of inheritance of 
talent or mental characteristics? Let 
us take a hypothetical case. Here are 
two boys, one aged 7, the other 6. The 
father is a pianist of great talent, the 
mother an artist working in oil, a 
portrait painter of note. The father 
has strong large hands but with long. 
flexible fingers (it isa myth that all 
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ists have long, tapering, be 
artists gers). The older son has t à 
IDE d nd. The father loves 
17 NE "cx E dn meer the younger. 
his ee ie ae of “creating them 
An on image” begins. The ose 
eM ht up on the basis largely o 
"S eed young you are attached to 
SANE ourself have been shaped. In 
PU YOM P ths older becomes a wonder- 
this bg st, the younger an indifferent 
reg 5 Süd ior different training 
or nete slanting in yomi: But 
2i at about different structure? ! lease 
wnat 9 5 The younger son, under or- 
9 conditions, could n. iin 
been trained into a pianist. His ingers 
were not long enough and the muscu- 
lar arrangement of the hand was not 
flexible enough. But even here we 
should be cautious—the piano is a 
standard instrument—a certain finger 
span and a certain hand, wrist and 
finger strength are needed. But sup- 
pose the father had been fond of the 
younger child and said, “I want him 
to be a pianist and I am going to try 
an experiment-his fingers 
—he'll never have a flexible 
Vil build him a piano, 
that 


are short 
hand, so 
I'll make the 
even with his 
ill be sufficient, 
nt leverage for 
that no Particular strength 

ili be needed.” 
son under 
ave become 


keys narrow so 
short fingers ] 


itions Might h 
the world’s Sreatest piani 


st. 
Such factors, especially those on the 
training side, have been w 


holly neg- 


study of inheritance. We 


of behavior, and 
been brought out 


human young, 


until the fac 
by the stuc 
all data on 
tion of different forms of h 
havior 


ts have 
ly of the 
the evolu. 
uman þe- 
accepted 
aution, 


and eugenics must be 
with the greatest possible c 


Our conclusion, then, is eer 
have no real evidence of the — 
ance of traits. I would feel acer 
confident in the ultimately favorab E 
outcome of carefu] upbringing of : 
healthy, well-formed baby born of : 
long line of crooks, murderers and 
thieves, and Prostitutes. Who has dn 
evidence to the contrary? Many, man 
thousands of children yearly, born 
from moral households and steadfast 
parents become wayward, steal, 1 
come prostitutes, through one Disp 
Or another of nurture, Many more 
thousands of sons and daughters as 
the wicked Brow up to be wicked bez 
cause they couldn't Brow up any other 
way in such Surroundings. But let one 


adopted child who has a bad ancestry 
80 wrong and it 


able evidence 
mora] 
encies, 


is used as incontest- 
for the inheritance of 
turpitude and criminal tend- 
As a matter of fact, there has 
not been a double handful of cases in 
the whole of our civilization of which 
records have heen carefully enough 
kept for us to draw any such conclu- 
sions—mental testers, Lombroso, and 
all other Students of criminality to the 


: ; Sa matter 
contrary notwithstanding, As a matt 


: "e ver 
of fact adopted children are nev 55 
: > canne 
brought UP as one's own. One cann 
use i 


Statistics gaine 
in charitable 
asylums. All 


d from observations 
institutions and orphan 
One needs to do to a 
Count such Statistics js to go there ane 
work for a while, and | say this with- 


out trying to belittle the work of sucl 
organizations. 


I should li 


"rt her 
ke to £0 one step furthe 
Now ang Say, “Give me a dozen 
healthy infants 


well-formed, and my 
rld to bring them up 
antee to take any one 
train him to become 
lalist I might select— 
artist, merchant-chief 
beggar-man and thief. 
of his talents, penchants, 


ll guar 


tendencies, abilities, vocations, and 
race of his ancestors." I am going be- 
yond my facts and I admit it, but so 
have the advocates of the contrary 
and they have been doing it for many 
thousands of years. Please note that 
when this experiment is made I am to 
be allowed to specify the way the 
children are to be brought up and the 
type of world they have to live in. 
Where there are structural defects 
that are inherited, as apparently is the 
Case in certain glandular diseases; in 
,mental" defectives; where there is 
intra-uterine infection as in syphilis 
and in gonorrhea, troublesome be- 
havior of one kind or another may 
develop carly and rapidly. But some 
of these children haven't the struc- 
tural possibilities to be trained—as 
when fundamental connections in 
body and brain are lacking. Again, 
Where there are structural defects 
more easily observed as in deform- 
ities, loss of digits, possession of extra 
digits, there is social inferiority—com- 
petition on equal grounds is denied. 
The same is true when “inferior” 
races are brought up along with "su- 
Derior" races. We have no sure evi- 
dence of inferiority in the negro race. 
Y €t, educate a white child and a negro 
child in the same school—bring them 
Up in the same family (theoretically 
Without difference) and when society 
begins to exert its crushing might, the 
Negro cannot compete.” 
The truth is society 
lo face facts. Pride of race has I 


does not like 
been 


the inheritance of 
teristics. The evi- 
nst it. An infant 
of blacksmith 
ately the same 
s original 
no larget 
for and 


3 8 D say nothing here on 
acquired behavior chara 
1 05 in biology is all ag 
Cescended from a long linc 
ancestors starts with approxima 
5 upper right arm girth as hi 

acksmith forebear—and with one 
than his own left arm. The facts à 
against have been beautifully summarized in 
Jennings The Biological Basis of Human 
N ature, page 338 fl. i 
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strong, hence our Mayflower ancestry 
—our Daughters of the Revolution. 
We like to boast of our ancestry. It 
sets us apart. We like to think that it 
takes three generations to make a 
gentleman. (sometimes a lot longer!) 
and that we have more than three be- 
hind us. Again, on the other hand, 
the belief in the inheritance of tend- 
encies and traits saves us from blame 
in the training of our young. The 
mother says when her son goes 
"wrong"—"Look at his father" or 
"Look at his grandfather" (whichever 
one she hates). "What could you ex- 
pect with that ancestry on his father's 
side?” And the father, when the girl 
shows wayward tendencies—“What can 
you expect? Her mother has always 
man she came in contact 
with make love to her." "If these 
tendencies are inherited we can't be 
much blamed for it. Traits in the 
older psychologies are God-given and 
if my boy or girl goes wrong, lasa 
nt can't be blamed." 

g the past five years consider- 
able light has been thrown upon the 
relative influence of environment and 
heredity by the study of identical 
twins. Let us examine this material 
at some length. 


let every 


parent c 
Durin 


Does the Experimental Work 

on Identical Twins Negate Our 
Emphasis on the Relatively Greater 
Influence of Environment in the 
Early Differentiation of Behavior? 


Dr. Arnold Gesell is the strongest 
advocate of heredity and growth fac- 
In his article, “Behavior Resem- 
blance in Identical Infant Twins" 
(Eugenical News, Vol. XIV, No. 5, 
May, 1929) he states very positively 
that the behavior pattern of monozy- 
twins shows a special degree of 


tors. 


gotic 
resemblance in behavior. For ex- 
ample, “The postural, perceptual, 
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iti and imitative 

5 1 and three one- 
nomen alee dad before each 
inch re } Pci 
ci de e au for 
E Lae of the er 
oF Peng patterns." Twins : xm 
c ler these test conditions s lowed 
" Sd degree of resemblance a 
a d patterns. These correyponiy 
1 5 in behavior 1 
literally uncountable. For E 5 
vere 99 items of minor e ispari y 
ee items of identical or nearly 
ante correspondence. EN 
While these experiments 1 As 
teresting, they constitute m prag 
that identity of patterns in these ee 
youngsters was any closer Hian wan c 
have been the case had he investi- 
ue infants of the same age and 
5 under relatively the oe en- 
vironmental m a $a 
dence in the clinic, provided the c ii 3 
dren had been of the same general 
weight and physical makeup 
vious conditioning. So far as I have 
seen from the report, no controls 
were introduced in the experiment, 
Dr. Gesell concludes: "During the 
course of our Simultaneous Observa. 


tion of the behavior Patterns of 
Twins T and C, the 


Correspondence 
frequently was so Striking as to recall 
Galton’s metaphor about clocks and 
necessitarian whirring Wheels!" 

That Dr, Gesell is NOt supported in 
this conclusio Y other similar 
€ work of Mul. 
Newman, Ih on Muller, 
Journal of Heredity, December 1925, 
describes his tests Upon identical 
twins, B and J. They were 30 years 
old at the time of the test. "They were 
Separated at two weeks of age. 

(B) lived in Wyoming at the time but 
had lived in New York, Washington 


and other places, and the other in 
Arizona (J). 


and pre- 


B was brought up by foster severe 
who did mining, logging and hau ea 
As a child B was out with thie tee j 
all day and had only four nee 
formal schooling all told, anh k 
nine months in a business P rem 
15 B obtained a clerical Bn. ie 
business career was not very Suspen a 
—she tried in addition to cler 7 0 
work, administrative and secretaris 
work. Ren 

J was also brought. up = aon 
parents who owned a ranch Buske. 
roadhouse where things were 19 
She was also out of doors a great 1 
and like B was a tomboy. She iie: 
through school including high scho 
and then had some summer university 
work. She taught 
child. 

Neither of 
well and the 
similar, 


ad a 
school and had 4 


the twins had been uda 
1 Td H 
ir illnesses had been qt 


Their scores on the general tae 
Bence tests (Otis and Army e 
were not very different but on 5 
sections ] was good where B was po 2 
and vice versa. In other tests, for ex 


ample, Kent Rosanofl's 3 
Test, J, on acc ount of greater gee 
ing responded almost twice as bis 
On the lapping test, B because Bt e 
lypewriting experience had a d 
207 against J's 164 in the same per i s 
of time. In the crossing test B hac d 
Score of 63 to T's 55. Muller concludec 
that all tests on motor 
"will temper 
cial attitudes 
contr 


reaction time, 
ament” emotions and 12 5 
sive results in striking 
ast with those of the intelligence 
tests, in that the twins made markedly 
different Scores on all these tests. The 
differences were, on the average 
slightly Breater than the median dif- 
ferences between the scores of two in- 
dividuals chosen at random from the 
group in which the ‘norms’ of the 
tests had been established.“ 


Newman in his article, Mental 


7 " Identical Twins Reared 
199% M ournal of Heredity, April, 
of v en Ws even more striking case 
one in ^ : CHA boys reared apart— 
Calp, d the other in the 
in 1995 A G and O were born 
guishable Ley are almost indistin- 
quote hi Ds physical appearance. I 
ment ai ve : In this case the environ- 
closely x 5 ming of the twins were 
Sofar + ilig in general, at least in- 
facts, Yeral were able to scertain the 
are the personalities ol the two 
is the bes en dillerent. So opposite 
all the p made by them upon 
Struck ie rvers that we were forcibly 
On i Ae roni the beginning., 

reaction 10 l ressey test of emotional 
Was TEA (city boy's) total Logs 
thus bei s (country boy's) was 55, O 
On the ng decidedly more neurotic. 
Sepe de international group. intelli- 
y's was 11 C's score was 160, while 
logical F 16. On. Thurstone 5 Psycho- 
and O's ere C's score was 101 
pletion. kd This test involves com- 

artificial language, analogies, 


ari : 

nens and opposites. 
Mna studied also two p: 
separate a sisters, The first pur 
were EA the end of 18 months, 
ived 25 oe 18 years (they had 
Beythelorusl - one year before the 
the bur tests were made). Dur- 
very ne. ion the environments were 
in this pa E “The twins dealt with 
menta] ie er dcus tremendously in 
three ibm Bay me difference being 
N pairs ar as great as the average of 
gether 5 5 identical twins reared to- 
consider: i this case the twins showed 
tional 2 5 resemblance in emo- 
be V (which was to 
rst 18 ed, due to the fact that the 
Spent to Ese of their lives were 
Meme us early are emotional 
In aid down). i 
8 case of the second pair 
‘al twin girls studied by New- 


irs of 


of 
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the environments were also dif- 
One attended school seven 
years longer than the other. They also 
were separated after living together 
18 months. They were tested after 19 
years of separation. The more highly 
educated twin, G, gave a very superior 
every test of “mental” 
performance. In 
too were quite 


man, 
ferent. 


performance in 
ability and “native” 
emotional tests they 
similar. 

In all these tests on identical twins, 
I sce not one scintilla of evidence for 
contention of the biologist that 
ad the relation of the 
genes are the determining factors in 
behavior patterns. In identical twins 
are dealing with the same set of 
and yet the outcome of differ- 
yields different individ- 


the 
the number ar 


we 
genes, 
ent training 
uals. 


Just to emphasize our point here 


again—after all, life outside the labo- 
has a good deal of similarity. 
we were to take identi- 
the laboratory and be- 
condition them from 
twentieth year along 
utterly different lines as diverse as 
possible. We might even condition 
one of the children to grow up with- 
out language. Those of us who have 
years in the conditioning of 
n and animals cannot help but 
the two end products 
different as day is from 


ratory 
Suppose now 
cal twins into 
gin rigidly to 
birth to the 


spent 
children 
realize that 
would be as 


night. A R 
this evidence, Jen- 


in face of j 
all odds the fairest 


Yet 
nings, who is by ¢ : 
ientific of the biologists 


and most sci the | : 
interested in genetics, In The Bio- 
logical Basis of Human Nature" says: 
r cases of 
cd separately is fa- 
s of those who hold 


“Thus the study of the fou 


identical twins rear 
vorable to the claim ; 
that environment and experience may 
have a great effect on mental and on 
temperamental characteristics. produc- 


ing marked difference in these T€ 
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individuals at are 
s, even in individuals that 

vane e i “he four cases, how- 
genetically alike. The em deed 
ever support equally the view a = 

d ituti ikewisc affe 
enetic constitution likewise rue 
al these matters. For in a ~ 
y iverse e ron- 

ü € twins reared under diverse envir 
the s re: pod end 
ments were much more alike in z 
i ase nta 

tain respectscin some cases in men 
a s E « M 
processes, in others in ie z 
e can be accounted for on any asis 
except their identity in genetic const 
fution The results of the study agree 
horoughly with the conclusion, prac- 
fol erai her grounds, that 

ically certain on other g 
bnür netic constitution and the 
both the gene i A 
environment. deeply influence m nta 
and temperamental characteristics: 
and that effects produced in one 
by genetic constitution may be 
duced in another 
ment." 


case 
pro- 
case by environ. 


I am sure that Jennings, if he were 
to take account of the fact 
several of the above cases € 
had had their early conditioning to- 
gether, that the tests were Dy no me 
sufficient to bring out all or e 
large part of the actual differences in 
behavior Patterns, and that in 
study of these Cases the 
had had no Opportunity te 
children experimentally 
ent lines, would 
my position, which [ 
above, is the or 
reasonable f. 
Support it. 
here that 
taking the 


that in 
the children 


ans 
ven a 


the 
behaviorist 
9 train the 
along differ- 
to agree that 
have outlined 
ily one which has 
acts and hypotheses to 
And we must remember 
in identical twins we are 
biologically hardest Case 
for the behaviorist to cope with in 
his emphasis on environment, 
Let us, then, lay aside th 
of inheritance of aptitudes, 
tal" Characteristics, 
(not based upon 
such as throat 
hand 


have 


any 


€ thought 
of "men. 
of special abilities 
favorable Structure 
formation in singing, 
formation in playing, struc- 
turally sound eyes and ears) and take 
up the more general question of what 


i » habit of 
the world has been in the habit 
calling instincts. 


Are There Any Instincts? 


It is not easy to answer this uec i 
Up to the advent of the ipie 
man was supposed to be a creature 0 
many complicated instincts, A group 
of older writers, under the sway of the 
newly created theories of Dur 
vied with one another in finding pne: 
and perfect instincts in both man n 
animals, William James made a fare 
ful selection from among these as 
serted instincts ang gave man the 
following list: Climbing, kalen 
emulation, rivalry, bugnacity, ange us 
resentment, sympathy, hunting, penis 
appropriation, ac quisitiveness klepto 
mania, constructiveness, play, Lid 
osily, sociability, shyness, cleanliness 
modesty, shame, love, jealousy, paren- 


er 
tal love. James states that no oth 


key, can 
mammal, not even the monkey, c 
lay claim to so large a list, 

The 


behaviorist 
wholly unable 


and the othe 


finds himself 
to agree with Jame 
r psychologists who € € 
that man has unlearned activities 41 
these Complicated kinds. We have s 
been brought Up on James or possibly 
even on a worse diet, and it is Nael to 
run counter to him. James says h 
instinct is “a tendency to act in i 
a way as to bring about certain Enos 
without having foresight of Hass 
ends," Surely this formulation fits à 
lot of the Carly behavior of children 
and young animals, At first this for 
mulation looks Convincing, But when 
one tests jt Out in terms of one's pie 
Observations on young animals ane 
children, one finds that one has not 
a scientific definition but a metaphyst 
cal assumption, One gets lost in the 
sophistry of “loresight? and "end. 


No subject "D psychology today | 


more wri 
Se e about than the so-called 
hundreds wg past few years many 
Abie an artic les hi v been written 
dra cf d nel u he articles in general 
men who SURE variety written by 
fonts iie] lave never watched the 
mile Fc gone of animals and the 
Philosoph aion of the human young. 
We , l will never answer any 
Weis a Ls )out instincts. The ques- 
asked factual ones—to be 


Ane are 

vere x : 

Let rain only by genetic observation. 
e hasten to add that the De- 


haviorisr’ 

Sifters bee d of instinct also 

one und: lak of observed facts but 

yond natur: Hn Juin pi bonne be- 

Before Bone science in his inferences. 
attempting to answer the ques- 


lion “W 5 

What is an instinct” let us take 
Pos- 
l 


a little 3 

e $ 5 8 

sibly y journey into mechanics. 
y we av fi 

e may find that we do not nee 


t . 
he term after all. 


AL 
Css " 
on from the Boomerang 


D have i 
ave " 3 
e in my hand a hardwood stick. 


f 

— gem H forward and upward it 
the orgy; e distance and drops to 
it in ar B l retrieve the stick, put 
angle, thr ina qi bend it ata certain 
Ward, eet he out againit goes out- 
distance ia VIR as it goes for a short 
drops pig to the right and then 
reshape Mai Pon I retrieve the stick, 
convex, ] Slighily and make its edges 
throw à o ita boomerang. Ag in I 
it goes fe Vid and outward. Again 
. revolving as it goes. 
8racefully ni turns, comes back and 
It is sim. and kindly [alls at my feet. 
Material pene still made of the same 
tently ] Los it has been shaped dif- 
Stinet to a the boomerang an Ur 
thrower? vage to the hand of the 

? No? Well, why does it Te 


turn? 
ne — H M 2 
Way epi it is made in such à 
that when it is thrown upward 
force it 


and i 
outward with a given 
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must return (parallelogram of forces) 
Let me call attention to the fact here 
that all well made and well thrown 
boomerangs will return to or near to 
the thrower's feet, but no two will 
follow exactly the same forward path- 
way or the same return pathway, even 
if shot mechanically with the same 
application of force and at the same 
elevation, yet they are called boomer- 
angs. This example may be a little un- 
usual. Let us take one a little easier. 
Most of us have rolled dice now and 
again. Take a dic, load it in a certain 
way, roll it and the face bearing "six" 
will nearly always come up when the 
die is thrown. Why? The die must roll 
that way because of the way it was 
constructed, Again take a toy soldier. 
Mount it on a semi-circular loaded 


rubber base. No matter how one 
throws this oldier, he will always bob 
come to 


ight, oscillate a bit, then 
vertical position. Has the 
stand 


upr 
a steady 
rubber soldier an instinct. to 
erect? 

Notice that 
ang, the toy soldier 
hurled into space 
their peculiarities of motion. Change 
their form or their structure, or alter 
greatly the material out of which they 
are made (make them of iron instead 
of wood or rubber), and their charac- 
motion may markedly change. 


not until the boomer- 
and the die are 
do they exhibit 


teristic 
But man is made up of certain kinds 
of material—put together in certain 


If he is hurled into action (as a 
tion) may he not ex 
hibit movement (in advance of train- 
ing) just as peculiar as (but no more 
mysterious than) that of the boomer- 


ways. 
result of stimula 


ang? ? 
that in mechanics action 


3 One may argue 
ual—that the thrower im- 


and reaction are ed 
ts to the boomerang a quantity of energy 
8 


al to so many dynes and that just that 
e quantity of energy is used up by th 
) y the 


par 
equ 
sam 
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Concept of Instinct No Longer 
Needed in Psychology 


This brings us now to our central 
thought. If the boomerang has no in- 
stinct (aptitude, capacity, tendency, 
trait) to return to the hand of the 
thrower; if we need no mysterious 
way of accounting for the motion of 
the boomerang, if the laws of physics 
will account for its motions—cannot 


boomerang in returning to the thrower (in- 
cluding the heat loss to the air) When I 
touch a man with a hair, though, and he 
jumps two feet, the reaction is out of all pro 
portion to the energy in the stimulus. ‘The 
explanation is that in man the energy used 
in the reaction was stored. In dynamics you 
find the same thing when a match touches off 
a powder blast or when a breeze. blows a 
rocking boulder from a cliff and the bould à 
destroys a house in the valley. E 


psychology see in this a much needed 
lesson in simplicity? Can it not dis- 
pense with instincts? Can we not say 
that man is built of certain materials 
put together in certain complex ways, 
and as a corollary of the way he is put 
together and of the material out of 
which he is made—he must act (until 
learning has reshaped him) as he does 
act? 

But argue: “That gives 
your whole argument away ou ad- 
mit he does a lot of things at birth 
which he is forced to do by his struc 
ture—this is just what I mean by i 
Snc" My answer is that we must 
now go to the facts. We can no longer 
Postpone a visit to the nursery, I think 
the student will find there, in the 
study of the infant and child, little 


that will ¢ 
p will « neowage him to keep sac red 
ames’ list of instincts. 


one may 


. This selection is an € 
Supertwins by Amram Scheinfeld. 
reasons, to tell the parents of tv 
velop. Even if you don't happ 
learn a good deal from this very re 
tributions of nature 
Nowhere do we have a more promis 
highly interrelated 


ntire chapter 
This book was written, among other 
vins wh 
en to have 
adable chapter about the relative con- 
and nurture int 
ing sourc 


contributions whi 


from the book Twins and 


at to expect as their children de- 
any twin children, you can 


he development of identical twins. 
e of data for sorting out the 


ch these two factors make. 


IDENTICAL TWINS: 


MENTAL TRÀ ITS 


A. Scheinfeld 


Joey and Jimmy, age 35. are typical 
But their 


„ look-alikes. it 
RE mother writes me, At the 
Me e I was told that Joey 
How 5 Q ol 112, Jimmy only 106. 
can this be if they re identical 
twins?” ) 
l As we saw in earlier chapters, it is 
the comparison between twins, CS 
coun with respect to mental trails, 
at worries many parents. Suppose: 
Supertwins by 
© 1967 by 
pe rinission 


R 

1 D: from Y wins and 

1 0 aa Scheinfeld. Copyright 
nam Scheinfeld. Reprinted by 


o 
J. B. Lippincott Company. 
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o make comparisons: If you 
have identical twins, should you ex- 
heir minds, school achievements, 


and personalities to be alike? And if 
what can cause the differences, 


r can these go? 

ntical twins have exactly 
the same hereditary equipment for 
mental as well as all other traits, the 
question goes beyond their relation- 
ship and into a much wider area: To 
what extent are the mental traits of 
human beings in general produced by 
their hereditary makeup, and to witat 
extent. by their rearing, experience 


then, we d 
pect t 
not, 


and how fa 
Since ide 
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: Ne will find no easy 
vis oe tcd of study n 
7 gists, chere is . qeu 
[opm dud the inborn us qai! 
d : ay be, thei a 
ie "iiio ecd their scores on 
"ipie oe e tests-may be much E 
Pine Mr their environments anc 
— uo interesting for us, some 
ST : t studies on the “heredity 
OPE 1 question have cen- 
ae specie nd and fraternal twins, 
5 with each other and 
in COBIpHSOH x 
MR x Heros cM twins of a pair 
Mese. to be very close together, 
pria e seldom exactly alike. In 
TH : s their IO difference is small 
xus al e little more than 5 points. 
m UM siderably less than the 
This is consic 1 reel 
usual IQ difference ts 1 s 
of a fraternal pair, i lic ^ 
about 8.5 points, and is much 
than the average difference 
any two single children in i 
which may be from 10 to 14 points, 
What are we to make of 
figures? Are the IQs of identic 
so much more alike as a rule than 
those of two fraternal twins or two 
single siblings they have 
identical hereditary factors 
others do not? 


and the 
Or is it because identi- 
cal twins are reared more 


closely to. 
gether and in the same Way? 

A first thing to note is that fraternal 
twins, too, are usually closer in their 
IQs than are two singletons in 
family, even though the fr 
may have Just as much 
their “mental” 
the similar env 


of twins do hel 


averages 

smaller 
between 
à family, 


these 
al twins 


because 


a 
aternals 
difference in 
genes. This shows that 
ironment and training 
P to make their Minds 
work more like, Tt might be argued, 
then, that identical twins are Most 
alike in IO because they are most 
alike in training. So let's ask: "Sup- 
pose a pair of identical twins (yours, 


for example), were not reared oe Sis 
—that they were completely M also 
not only in school, but 5 
raised in different homes? How N 110 
their IQs compare under those 

cumstances?” ; " 
"The question has an answer Mi ^s 
cases of the separated twins we i in 
cussed [previously]. Tests of ve 
identicals who had been reared pos 
from infancy onward showed ; bs 
their 10 differed on the 3 
only a few points more than b van 
of identicals who had „ : 
together. Drs. I.. Erlenmeyer-Kim oe 
and Lissy F, Jarvik have gone o m 
the combined ‘studies of IQs of tho d 
sands of twins and singletons, is 
have analyzed the "correlations 1 5 
Ustical relationships) between ihe: A 
of identicals reared together ces 
Apart, as well as of fraternal 1 1 
Pairs of single siblings, and pairs 105 
Unrelated children brought HP Bite 
gether in foster homes or inu A 
tions.* The results shown in aes 
P. 56, were considered evider lo 
at the minds of identical twins Ma 
tend to be geared by their jee 
Benes to perform in much Eam 
way, even under different conditio at 

A striking case in point was that 


tion, 
th 


-orrelations" 
measured by cert 
of paired individ 


sg as 
are degrees of agen 
ain standards, If in a 5 10 
uals—twins or anen ate ed 
of one Member of à pair is always IAS n 
exactly by that of the other, this is a bo 
tion of 1005 (or "-1007). If no 81 05 
relationship at all is found between the in: 
of paired member in the group (for 100 
Stance, if in one pair one member has an 102 


€ other of 90; 
an IO of 85 


m the next pair. 1115 
2» therother iat 430. arial sort) 1955 
would be a Orrclation of "zero," In ure 
Zero extremes. e 
Os of Members of 

€ close 
Ould be 


the more or 5 
pairs match ca 

the lower W 
for the grou 


the identical British twins, sons of an 
Oxford tutor who had died just be- 
fore they were born. The mother 
could keep only one, and so gave the 
other for adoption. The twin George, 
who remained with his mother, had a 
brilliant academic career. One day a 
former teacher of his, seeing a man 
whom he assumed to be George, 
Breeted him heartily. Surprisingly, 
there came a puzzled answer in a 
Strong, uncultured Welsh accent. It 
turned out, of course, that the man 
Was the other twin, Llewellyn, who 
had been reared by his foster parents 
On an isolated farm in Wales. Yet 
When tested, while he was found very 
backward in reading and verbal per- 
formance, his IQ was 137—fully up to 
that of his educated twin, George. 
" Fhere have been instances, how- 
K which the matching genes of 
Ms identicals did not rule the 
lental roost. In one case there was a 
difference of 24 points in the IQs of 
ht YONNE women identicals sepi- 
ately adopted as infants and raised 
under very different conditions. 
Sate brought up in an isolated 
1 mountain district and with 
i e en grade-school educa- 
(Oh, scored only 92 in IQ. Her twin, 
n college-educated and a teacher, 
teme 116; But this was the most ex- 
differ case discovered. At that, the IQ 
e oe due to the 
2 edly superior education, and 
training in taking tests, of the one 
twin—was not nearly so great as can 
often be found between fraternal 
‘wins or singletons raised together in 
a family. 
In another well-known study, two 
Yale experts, the late Dr. Arnold 
Gesell, and Dr. Helen Thompson, 
Sought to learn what would happen 
if two highly similar three-and-one- 
half-year-old girl identicals were con- 
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ditioned in very different ways. Ac- 
cordingly one of the twins was given 
intensive special training for a long 
period, while the other was not. But 
when the separate training of the one 
twin ceased, and both were left to 
their own devices, it was not long be- 
fore they bounced back together in 
performance. So it would appear that 
under the same conditions the minds 
of identical twins can be expected to 
work in about the same way; and it 
is only under extraordinary circum- 
stances that they will show great dif- 
ference in mental performance. 

Yet even small differences between 
identical twins as they grow up may 
perplex and worry parents of the 
twins concerned. The first thing to 
explain, then, is that intelligence tests 
or personal observations of young 
children may be very unreliable (and 
under age 2 are often meaningless). 
Except where there are clearly-estab- 
lished mental defects, one may have 
to wait until twins are about six years 
old before their IQs can be considered 
indicative of their future mental per- 
formance, either as 4 pair or in re- 
lation to each other. This is especially 
so if the twins were premature, and 
most certainly true if one was much 
behind the other in development at 
birth. In most cases where both 
twins seem somewhat backward in 
early childhood (but are not defec- 
tive) they may be expected to achieve 
IQs later. Similarly, when 
one twin has been behind the other 
in IQ, he may catch. up before long 
and sometimes—like the tortoise and 
hare—come out ahead. 

Also to be considered is the fact that 
the IQ lumps together the scores on 
various types of mental performance 
language, numbers, abstract reason- 
ing, and so on. While one twin may 
have a total IQ score higher than the 


average 


the 


HOW CLOSE ARE TWINS’ IQs? 


Here are the IQ correlations (degrees of closeness) 
between pairs of twins of different kinds, as com. 
pared with those of other paired children. 


100 90 80 70 60 50 J0 30 T ere 
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correlation: 


Identicals 
Reared 
Apart 


Fraternals 
Reared 
Together 


Unrelated 
Children 
Reared 
Together = 


Drs L. Erlenmeyer Kimling 
is f refers to foster children 
eat explained in the Text. 


56 


Other. Ti s 
15 oes may do better on some 
more 1 The twin who talks 
Working oni. nus not be E good at 
Vice versi ases ae as his wein and 
end up 5 iia agam. both twins may 
foils, but 1 biu the same IQ 
scores in ilse have gotten their 
on Sd : erent ways. Thus, it has 
identical p» that while the 1Qs of 
their diee ML be very similar, 
similar; an 5 ivi Be less 
been Te ii the more the twins have 
there d unen the less similarity 
such Wülker [o be in their scores in 
üritlimeric is reading, spelling and 
Dear to i owever, there does ap- 
Ponent in a strong hereditary com- 
M musical mathematical ability. and 
aptitude fe talent, and perhaps also in 
C twins vobi: 80. if two identi- 
in (liese 3 greatly in achievement 
reason 1 there may be special 
behind j& 
Now 
Uikable 
Whole 


2ing 


_ assume that one 
his capacities. 
suppose there is an unnmis- 
ond large disparity in the 
twin eee of one identical 
What p compared with. the other. 
this fered account for itz Sometimes 
ay be traced to physical factors 


~berh; k 
aps to some injury or deficiency 


Whi 
i — 0 lagging twin had suffered 
Case Oy E aba! birth, or to some dis- 
NOt all- rie lap in infancy. Some—but 
Dalsy me at of epilepsy and cerebral 
and PE cause mental retardation 
ae e EE a oe identical twin 
in former 


Tn ae E the other. Also. 
have ag Sa oxygen in inc ubators may 
as the bcm the intelligence (as well 
twins, r of many prematurely Pele 
Other, 18 perhaps one more than the 
9n (he ore often, any signifi 
either in jon of one identical A 
Sfi Mere or in a. particular subject 
ememl ue to psychological factors. 
Welli that Jimmy has in all 
“quipm Na the same basic mental 
ent as Joey, the reasons he's 


ant lag 
twin 
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not using it as fully may be much like 
those which inhibit any child from 
doing as well as he might: shyness 
when called on to recite; lack of drive 
or interest; a fancied resentment. In 
many cases alert parents and/or teach- 
ers may be able to detect or guess 
what's wrong. If not, and should a 
pediatrician find nothing physically 
wrong with thc lagging twin, it may 
be well to consult a psychologist either 
in the school system or outside. 
Relationships between the twins can 
affect their relative mental. perform- 
ances and should not be overlooked. 
One factor may be the frequently ob- 
served tendency among twins for one 
to be dominant, and the other to take 


a back seat. Sometimes this may lead 


to the dominant twin being more ag- 


gressive, enterprising and successful in 


school, and more popular with teach- 
classmates. But not infre- 
twin who is less succe ful 
cal 
is studies 


ers and 
quently the 
relationships or 
an outlet in h 
in his schoolwork. This 
tend to 


in social 
feats may seek 
and do better 


compensation may 
n balance with each 


just what their par- 


type of 
keep the twins i 
other—which is 
ents may wish most. 

In fact, it is not necessary that identi- 


cal twins should be equally successful 
in everything. So long as each is helped 
to develop his mental capacities as 
fully as he wishes, and in a way to 
bring him happiness, there is no rea- 
n why differences in school perform- 
in various competitive areas 
twins from being well- 
adjusted to each other and later be- 
well-adjusted adults. Never- 
up to a point differences 
twins in given subjects, 
aptitudes or interests may be encour- 
aged as leading to individuality devel- 
there is danger if they do not 
abreast of each other in 


50 
ance or 
should keep 


coming 
theless, while 
in identical 


opment, 
keep fairly 


their total school averages and relative 
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ri sistently 
ievements. If one twin cons 
aan ind the other to any marked 
falls behind 1 n ay b issu 
ree, the situation mz in 
degree, r h of maturity 
s with the approac h 
acta 'ears. One twin 
d/or the college years. mas 
SERP n entrance to a pre- 
mar IE OUa a i have equal 
1 college, or fail to have equ: 
dence 1185 zetting a job or at- 
opportunity for ge hae Sey on 
taining success and happiness. es 
s reventive measure, beginning with 
90 5 twins’ early school years, parents 
should make every effort to see = 
the achievements of one twin—scho- 
lastic, social, athletic—come up to and 
5 A H , C 
average our fairly closely to those of 
d at 
the other. 7a 
This brings us to the next question: 
How alike can one expect identical 
twins to be in personality? Often 
when this is asked we find an interest- 
ing psychological quirk—not in the 
vals, but in their parents. For, in 
many cases, when comparisons are re- 
sented with respect to school perform- 
ances, and mental differences are de- 
^ 8 , 
plored, parents don't seem to feel the 
same way about comparing twins' 
personalities. Indeed, many mothers, 
either because of desire to distinguish 
between their identical twins or to 
secure assurance that the twins’ indi- 
vidualities are developing, seem eager 
to detect differences in Personality as 
5 as possible. Thus, one of the 
soon po: p 
Mothers of Twins clubs routinely 
queried enrolling members—many of 
whose twins were mere infants—as to 
which twin was “dominant” or “sub- 
missive.” Among the many mothers 
reporting such a distinction 
whose twin boys were 
old. (One wonders 
flict—perhaps a 
teensie-weensies l 
tion 


was one 
seven months 
in what sort 
bottle battle’ 
lad settled the ques- 
of Supremacy.) Also, in State- 
ments to me, i 
month-old gir 
extrovert, 


of con- 
these 


mother of eight-month-old cs ins 
said one was a real “he-man, a 
other "more of the reflective e 
delicate type"; and various other pan 
ents have professed to sce in cc ume 
twins who were anywhere from m 
months to à year old, such ayer 
contrasts as "bravery" versus ae 
ity,” “sociability” versus “aloofness 
"flirtiness" versus "prissiness"—and in- 
deed almost any contrasting traits onc 
can think of. : 
The fact is, of course, that profes- 
sional Psychologists would hesitate me 
make such definite decisions —— 
the bersonalities of any two MSS d 
young children, for personality i 
in the Preschool years may be exon 
less reliable than are the intelligence 
tests. To be sure, at any given time 
certain differences in personality can 
be detected in young identicals, but 


. á arent 
these are usually minor and 7 pi 
mainly to their parents, siblings 
intim 


ate friends, Moreover, many par 
eins report the familiar seesaw effect 
9! à given trait shifting from one — 
to the other at various times, ant 
quite often it iş merely an illusion 
th sts exist at all. 

identica] twins do reach the 
hen their personalities can be 
judged with any degree of reliability, 
the findings of many studies show 
this: In almost all basic personality 
traits identical twins tend to be much 
More alike than do fraternal twins af 
the same Sex, or two single siblings in 


a family, For example, in one study 
of twins 


at ages 11 to 15, by Drs. Ray- 
Mond B “attell, Duncan B. Blewett, 
R. Beloff, such traits as be- 
easygoing, sociable and warm- 
ed or bold and outgoing were 
n as appearing together in both 
members or an identical pair much 
More often than in both twins of a 
Taternal pair or in two single siblings. 


at the contr 
When 


age w 


heart 
show 


m another study, Dr. Steven G. Van- 
fate (University of Louisville) 
tig mieh more similarity between 
5 than between the fra- 
. such traits as response to 
val and color, and in degrees of 
self-confidence and stubbornness 
Food preferences are of special in- 
or in identicals. As a rule, both 
go for or reject much the same 
foods and bever: ges. sometimes from 
their earliest: years. In the case of my 
identical-twin doctor friends, told 
ot in the previous chapter, it was 
ascinating to hear them discuss their 
likes and dislikes. Throughout their 
lives they had found that if one didn’t 
like something, the other usually 
didn't, either. For instance, both had 
discovered separately that they dis- 
liked peppermint, grapefruit, tomato 
aoup fruit juices, and cocktails. 
That there may be an inborn basis 


for f , ST. 
or food and drink preferences or aver- 
b s H 3 . LN * 
ions in identical twins, arising from 
has 


— functioning, 
een previously suggested. Again, we 
ROLE that allergic reactions of identi- 
"ea to various specific substances may 
a the same. Among other 
lise 86, biochemist Roger J. Williams 
e maintained that a craving for 
gy Hj some individuals, or a dis- 
» ab sa or inability to tolerate it 
thara ES may be linked with inherent 
If 5 istics of the body chemistry. 
50, there would be a special reason 
why the drinking habits or aversions 
of identical twins should tend to be 
the Same. Similarities in the smoking 
habits of identical twins—indulgence 
Or abstinence—were also reported by 
the late British geneticist, Sir Ronald 
Fisher, as pointing to hereditary in- 
fluences. É 
T But the question always pops UP: 
Doesn't the fact that the environ- 
ments of identical twins are 80 much 


biochemical 
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the same account for their similarities 
in personality?” To a considerable ex- 
tent this may be so, as it applies to 
their early closeness and training. But 
it is important to note that identical 
twins themselves create similarities in 
their "personality environment” by 
looking so much alike and function- 
ing alike in so many ways. In other 
words, whether they are both good- 
looking or homely, robust or sickly, 
bright or dull, talented or unartistic, 
identical twins tend to inspire much 
the same reactions from other people, 
and this in itself is a great influence 
in molding their personalities along 
similar lines. 

Thus, it is again not surprising that 
even among the twins who are sep- 
arated in infancy and reared apart, 
close resemblances in personality often 
develop. One of the most striking 
cases on record was that of the twins 
Millan and George, born in Salt Lake 
City, who had been separated almost 
immediately after birth and brought 
up far apart by foster parents of dif- 
ferent types, under quite different 
conditions. When they came together, 
at age 19, they were found to be re- 
markably alike not only in looks but 
also in intelligence, temperament, and 
achievement. Both had artistic lean- 
ings, one toward music, the other to- 
à drawing; and both had won 
boxing championships. 
(Their twinship further asserted it- 
self in a sad way when, while serving 
apart in the Army, they both ps 
veloped—almost simultaneously—the 
same rare crippling disease of spin. 
litis.) Also, there were the Baylor Ù 2 
versity twins, Louise and Lola, whose 
amazing physical similarity after years 
of separation was mentioned in a Pre 
vious chapter. These twins, too, on 
being reunited as young women, were 
found to be closely matched not only 


ward 
amateur 
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i : also in many abilities (both 
ames 1 and in personality traits. 
waa Ri pai nba i ey of quc 
iie r i is that of the two 
se eo or Mig cel the names of 
cmd Milasi and Roger Brooks after 
ee e e in infancy and adop- 
n je Rd quite different couples, 
pae lalian the other Jewish. With 
Tony raised in New York a na 
Roger in Florida, Tics i 
nothing of each giers Bs on. 
til, through. the now fami Tu m» 
jene of mistaken identity, they gna h 
nd brought together at age 23 (in 
1964) Though psychological tests by 
. Syvil Marquit of Miami showed 
ihi they had nearly the same IQs 
ind basic aptitudes, their Personal. 
ies were apparently very different 
he surprising in view of how differ- 
a had been their home lives anal 
rearing), Roger being rated as anore 
sensitive and impressionable, Tony 
às "more extroverted and self-as- 
sured." (Nonetheless, the twins were 
so drawn together that Roger 
to Tony’s city to live with him 
Other studies of identical 
reared apart, made 
Dr. N. Jule-Nielsen, 
dence of how m 
tors 


moved 


twins 
in Denmark 
give furthe 
atching he 
can lead to the development 
great similarities in twins’ 
ities, even when there 
environmental diffe 
ish 


by 
r evi- 
reditary fac- 
of 
Personal- 
have been great 
rences. The Dan- 
BrOUDp Comprised lve pairs of 
adult identic anging in age 
from twenty-t Dly-seven, who 
had been Separated in early childhood 
and not reunited until muc 
in many Cases, as with t 
mentioned, because 
edly mist; 

the 


twe 
al twins, y 
WO to seve 


repeat 

r. One pair, 
identicals Palle and 
infancy 
in Copenh 
arked diffe 


male 
had bee 
different 


Peter, 
in very 
agen, and 
rences in edu 


n raised from 
homes 
had quite m 


cation (one had only an PAN 
schooling, while the other was ee 
ing medicine); but, when brough 
gether at age 22, they proved 5 570 
remarkably similar in mental pes 
opment and personality, As ee 
Nielsen reported: * 3oth seemed in Va 
spective, lacked sell-confidence, Wer 
it difficult. to achieve emotional ce a 
tact with other persons, and 3 
similar neurotic, — hypoc pa qnia 
symptoms.” Despite this, they took 19 
cach other so well that they left be 
respective homes and thereafter kep 
Closely together, 

Not so successful w 
another identic 
and Robert, 
infancy until 


as the reunion of 
al male twin pair, Kaj 
who had been apart from 
the age of 40, Kaj, raised 
ina Village by a poor couple, had a 
jail record and an erratic history. 
Robert, who grew up and was m 
cated under favorable conditions, hac 
become à technician. But he ex 
though never in direct conflict. with 


. . * ‘ed an 
the law, had, like his twin, showed 
antisocial streak, 


was maladjusted, 

E 5 y Tests 
and had sought psychiatric help. ae 
showed them to be much alike um 
basic personality and with much t 
same 


Problems—work, 
women. (Each h 
times.) Be 
lations wj 


money and 
ad been married three 
fore long, they broke off re- 
th each other. 
Unsuccessful was 
of two women ide 
Olga, who had 
only eight 

reared on a 
land, Olga ir 


Also the reunion 


nticals, Ingrid and 
been separated. when 
weeks old. Ingrid 
farm in one part of. Jut- 
Va children's home in a 
other part. When brought together 
again at age 35, they found that al- 
though they had similar personalities, 


s i l 
they were too different in backgrounc 
and views to provide any 


was 


basis for à 
Continuing Close relationship. * 
Of special interest are the brain- 
Wave 


recordings (clectroencephalo- 


ar 

ign Pals pe group of separated. Dan- 
N. oL were made by Dr. 
Dr. iem so 1n ASSOCIO with 
ihe boo Eana, The “E of 
found to “a yers of each pair were 
; ye almost completely alike 
as are those 


in all seni 
Ul significant aspects ( 


BRAIN WAVES OF SEPAR 
INGRID'S EEGS 


MP ee nre P HIN PNE 
eee (Ife eee, 


Mr re Ame P Ame ^f 
V A MSAN IP wns 


Norm rane Poo e WAP 
Vet rv MM rte ANA 


180 % 


The above amazingly similar brain 


8 are those of t 

ngrid and Olga (referre 

age of eight weeks, reared apart u 

1 until about a year before t 
ielsen and Bent Harald. 


ber 


are repro- 
he conclu- 
duals 


0 ; 
uu d nd Olga. which 
sion 8 8 8 L his led to the cc 
Senerallv een ee in indivi 
hereditar E primarily determined by 
assert i 2 actors which continue to 
We iemselves throughout life. 

We Le wish to leave reac 
411165 pu bg d that the person 
single » 05 D of identical twins (or of 
DNE Wee for that matter) are 
and e aes lor life by their genes, 
plus per environmental influences 
Mili Su ; small part. The case 
tie PAS we r on (bec ause they may be 
S interesting) are mainly those 

s whose personalities developed 


lers 


ty- 
text), 
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despite differences in en- 
But one could also give 
1 which identical 
twins, separated or not, showed con- 
siderable differences in personality (as 
s true with Tony and Roger, pre- 


was 
viously mentioned). In a later chapter 


similarly 
vironment. 


many instances in 


ATED IDENTICAL TWINS 


OLGA'S EEGS 


nnm pe IS Pr P nee PI 
P 


Dre 
n 


ae eee amA 
syyniin anA 


(encephalograms, or 
-old Danish identical twins, 
en separated at the 
ditions, and not re- 
by Drs. N. Jule- 


„wave patterns 


seven-year 
who had be 
different con 
ecordings were made 


ll tell of some extreme cases, in 
came a criminal or 
suicide, Or the behavior paths 
l sharply in some other respect. 
as parents may look for 
e very small differences 
identical twins, many 
lying twins may have 
ok for and empha- 


we Wi 
which one twin be 
was a 
diverge’ 
Perhaps, just 
and emphasi/ 
between their 
ts in stuc 
ined to lo 
arities. 
y for scientific study but 
twins, the cases of those 
ncy onward are be- 
are. The sharp 
mortality has 
chance of twins 


scientis 
been incl 
size simil 

Regretfull 
happily for 
separated from infa 
coming ingly T 
decline 
reatly 


increas 
in parental 
reduced the 
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in infancy; public aid 
ee 8 parents To 
^en y ise twins; and also, when twins 
he rere be given out for adoption, 
aras for these babies (at E 
Ds United States, and in Sede 
1 countries) has become so g : 
mu s twins offered are eagerly 
B T as a pair. (Among the 
mon 5 88 putes of twins reported on 
MEAE filled an ant a 
least six pairs, to my now a 
lopted. In another case, re- 
| pa a Los Angeles couple, 
in 1860, adopted a set of FAN 
However, the ghe cis 1 
i sepa in the past,: 
5 Me Mu ecules out in this 
E should help to give parents a 
e gee he of what can be looked for 
inu ges of mental and personality 
differences or likenesses in their own 
identicals, and what practical v 


alue 
this knowledge can have. 


Sackett’s Paper att 
reasons as folloy 
our experience in the environment 
ever having the o 

ror should ha 


ve no real idea 
other hand, 


if this importa 
another monkey were some 
“know what another monk 
one. He might hav 
of his species, Sac 


acks the nat 


ure-n 
ws: If most of k 


nt knowlec 
how geneti 
ey looks li 
€ been born knowi 
kett's €xperiment g 


cally coded, 
ke" even tho 
ng 
ives 


Above all, one should keep in 3 
that identical twins are in a eon 
position in relation to 5 ai 
in the way other people react 155 apud 
Comparisons between the pe^ on 
matter what the parents may 80 515 
do—are unavoidable. "These wil but 
made not only by other people vie 
also by the twins themselves ao 
out their lives, If comparisons e 
reveal interesting. differences ius. 
the twins, this may be all to the gone 
Harm can be done only if the 115 
Parisons are consistently unfavora a 
to one twin and show him or her ** 
marked disadvantage in relation tO 
the other. It is mainly for this dd 
son that the strongest efforts rag 
be made to keep identical twins zx 
balance—physically, mentally, "oic 
tionally, socially, and in their achieve 
ments—to a greater extent than. 5 
ordinarily necessary or possible p 
‘wo fraternal twins, or with any tw 
Singletons in a family. 


into a mir- 
ace looks like. On the 
to recognize the face of 
then the monkey might 
ugh he had never seen 
ognize fellow members 
nswer to this question. 


how to rec 
a clear à 
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MONKEYS REARED IN ISOLATION 
WITH PICTURES AS VISUAL 


INPUT: EVIDENCE FOR AN 
INNATE RELEASING MECHANISM 


J. B. Sackett 


Abstract. Monkey 
visual input solely ‘from colored slid 
nonmonkey pictures. 
most frequently with 
From 2.5 to 4 months th 
Lever-touching to turn threat 
tures of infants and of threat 
properties, while pictures o. 
mined, inborn fear response. 


— on a wide variety of ani- 
dàn s 9 8 shown that early experiences 
ie ADOS determinants of later 
Some ee nonsocial behavior (/). 
must i ‘these experiences apparently 
metal mer! during a limited develop: 
hibit 1 pon if the animal is to €X- 
Pede tne f patterns normal for 165 
figlecre ne important, but relatively 
tavia ited, area of study in primate be- 
devai involves determination of the 
55 importance of different 

of sensory input early in life. 


from “Monkeys 


Repyi 2 
Printed with permission 
Visual 


5 m Isolation with Pictures as t 

Mecha Evidence for an Innate Releasing 

1470:73 D J. B. Sackett, Science, Vol. 154, 

by U 3, December 16, 1966. Copyright 1966 

sane ne American Association for the Ad- 
ement of Science. 


s reared in isolation from 
es of monkeys in various activities and from 


Exploration, play. vocalization, and disturbance occurred 


pictures of monkey. 
reat pictures viele 
pictures on u 
thus appear to have 
f threat appear to release 


birth to 9 months received varied 


s threatening and pictures of infants 
led a high frequency of disturbance; 
vas very low during this period. Pic- 
prepotent general activating 
a developmentally deter- 


The experiment reported here is part 
of a study examining the effects of 
visual social and nonsocial stimulation 
presented to monkeys otherwise reared 
in total social isolation. The present 
study asks if totally naive infant mon- 
vill show differential behaviors 
1 specific types of visual stimula- 
whether such differential 
mature at specific periods 
e monkey's development. 
le and four female rhesus 
ulatta) were reared 
idual wire cages (61 by 71 by 
71 cm) from birth to 9 months. Three 
the ceiling, and the area below 
f each cage were cov- 
ered by Masonite or aluminum panels 
blocking all visual access to the world 
outside of the cage. The rear wall of 


keys V 
towarc 
tion, and 
behaviors 
during th 

Four ma 


monkeys (Macaca m 


in indiv 


walls, 
the wire floor o 
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+h cage was a rear ol Sr A DR 

eacli Sie o blocked visual dices e 
bee p The screen had a pna 
e i ing : irror e 
ace Pe. e reflections of 
A ne as ous image on the screen 
we "serae. ized, although slight shad- 
are 11 when the screen was 
esi e A by the Projector. 
UM brass lever, 1 
"d je B em Tr 
1 . corner of the 
oe Dae rearing, the subjects 
5 i à another monkey, and saw 
pen crede after a hand-feeding pe- 
s von the first 5 to 9 days of life. 
i 1 not controlled, so the 
1 hear other animals and 
mol M 

oer 14, two tvpes of vishal 11 
ulus presentations were begun, as fol- 
lows. 


Experimenter-Controlled Slides 


In this procedure pictures of mon- 
keys engaged in different 

and nonmonkey control picti 
projected on the s reen. | 
ual picture was availab] 
utes. Six monkey and tw 
tures, randomly select 
pool, were projected 
session. In these tests the 
no direct contro] 

duration of the pic 


üctivities 
res were 
“ach individ- 
e for 2 min. 
9 control pic. 
ed from a large 
in a daily test 
subject had 
Over the onset or 


ture, 
Animal-Controlled Slides 


In this Procedure the subject could 
€Xpose itself to pictures þ 
the brass lever, which 
electronic contact re] 


touching opened 
front of a Kodak € 
lor, and 
counter th 
havior, 


Y touching 
Operated 
ay circuit, 
a shutter 
“arouse s] 
Operated a 
at recorded the 
The stand 


an 
Lever. 
located in 
ide projec- 

printing 
touching þe- 
ard schedule ol six 


also 


0 
randomly selected monkey one gis 
control pictures was used in os Een 
session. Each picture was ee 7 
available for 5 minutes and 15 vod 
During the first 15 seconds the 5 " 555 
automatically opened, eanont * 
subject to the picture that wou a 
available for the next 5 minutes. pe 
ing the next 5 minutes each i 15 
touch turned. the picture on oA js 
seconds. If the subject 5 
touch the lever, the picture still ec 
off at the end of 15 seconds, and di 


] 7 act was 
Not come on agun until contac 
broken and then the 


lever was touched 
again, 


k lite all 
Up to the fourth month of lif 
subjects. received 


ini | two 
a minimum of tv 
CXperimenter- 


and two animal-con 
trolled tests each week. At 4 maths, 
four subjects received motion pe 
stimuli, but these monkeys were og 
exposed to at least one trial of jc 
menter-controlled slides each 1 
The motion Picture data parallel it 
data for slides, and will not be trcate 
here, 

The 9. by 
Ored slides 
grouped into 
which are 
include 


2inch (5- by 5.0 col: 
used as stimuli ee 
ten categories (four m 
illustrated. in Fig. 1). D 
pictures. of (i) ee 
Gi) playing, (iii) fearful, (iv), watt 


; A i) sex- 
drawing, (v) exploring, and (vi) 
ing monkeys, 


(vii) infants, 
together, 
"nothin 
stimuli 
when 


as well as pictures = 
(viii) mother and 1 
and (ix) monkeys W 
Labels were applied, mie 
were included for study, only 
the pictures received a DUE 
mous title hy a panel of o dif 
perienced Monkey testers. The B 
Calegory, (X) control pictures, . 


"s of. an 
cluded a living room, a red sunset, 
outdoor 


scene 


: 4 LEY 
With trees, a pre 15 

; arious 
adult female human. and 1 
ter 
Scometrie Patterns, Fach of the te 


categories had a 


. 
t least four differen 
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Ex; Figure 1 
'Namples of picture stimuli from the ten 
categories selected 


Categories. The four 
are (top left) fear, 


[o 4 : 
or illustration. here 
top ri $ 

(top right) threat, (bottom left) infant, 


and a = 
(bottom right) control. The actual 


pictures were in natural color. 


ex; 
Xamples. Only one randomly chosen 


slide from each category Was used in 
any individual test session. Complete 
ted such that 
d more than 
‘The monkey 
ap- 


randomness was restric 
5 slide appeare 
7 in a 7-day period. 
Pistures were projected with an 
Proximately life-size image 
p animal-controlled tests: 
a were the number of leve 
producing shutter ope 


the basic 
r touches 


nings out of the 


9 . : E 
a possible shutter openings in each 
Minute stimulus period. In exper! 
ere col- 


Menter-controlled tests data W 
lected on a checklist by a" observer 
looking through a nonrellecting one- 
n in one wall of the 
data were fre- 
Is period 


Way viewing scree 
cage. These checklist 
quencies per 2-minute stimult 
of (i) vocalization, (ii) disturbance 
behaviors including roc king. huddling. 
fear, and withdrawal, 
with the picture, (iv) 
xploration of the 


delt claspins. 
(ii) playing 
Visual and manual € 
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picture, and (v) climbing on the walls 
of the cage. Sex, threat, and aggressive 
behaviors were also scored, but sexual 
responses never occurred, and only 
three threatening or agsre ssive re- 
sponses were observed during the 9 
months of testing. 

Evidence for behavioral differentia- 
ten types of stimuli during 


tion of the 
experimenter-controlled tests is shown 


in Table l. These results can be sum- 
marized as follows. First, threat and 
infant pictures produced the greatest 
frequency of response on all measures 
ol behavior. All differences between 
s of pictures and the 


these two type 

other pictures taken individually 

were significant beyond. the 01 level. 
more vocalization 


Second, there Ww: 
and disturbance with threat than with 


infant pictures (both p < 02). Third, 
there were no significant differences 
between the remaining seven monkey 
pictures (fear, withdrawal, explore, 
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TABLE I. 


vioral measures of all 
Iean frequency of the five beha 1 
t n 
all resp ir 
2 inute periods, during the 9 months of testing 
m J 


BEHAVIORS 
ACTIVITY 
STIMULUS ie jd 
PICTURE ATION DISTURBANCE PLAY — EXPLORATION (CLIMBING) 
VOCALIZA h 
9 51 0.83 0.46 5.0 i 
9 48 1 15 1 A 08 
Infant 27 j 1 24 
Withdraw 27 15 26 23 > 
Fear 27 21 21 27 8 
Play 99 .19 19 2.2 E 
Explore 17 24 18 2.2 : 
SS rcx 20 25 19 2.5 : 
Mother-infant 22 21 31 2m 3 
Nothing m 12 16 2.6 1 
Control 


sex, mother-infant, and ene) ai 
any measure (all p > 1 ). Tests of 
overall differences between any of 
these seven monkey pictures for each 
month during rearing also failed to 
reveal significant variation (all Y > 
.05), indicating that these seven pic- 
tures were responded to similarly 
throughout rearing, Fourth, the con- 
trol pictures had significantly lower 
frequencies than these remaining 
seven monkey pictures pooled to- 
gether on the vocalization, disturb- 
ance, and play measures (all p < 04). 
but no Significant differences appeared 
on exploration and climbing activity 
(both p > .10) 

The development of 
during e€xperimenter-contr 
is summarized in Fig. 2. In these data 
the seven monkey pictures th 
differ significantly from on 
in overall frequenc 
sponses are pooled logether to form 
an “other-monkey” Category. Disturb- 
ance behavior oce urred at a Uniformly 
low level throughout the 9-month pe- 
riod for all pictures except threat, pe. 
ginning at ? to 2.5 months, and peak. 
ing at 2.5 to 3 months, disturbance 


responding 
olled tests 


at did not 


€ another 
y of Cliciting re- 


behavior Consisting primarily of fear, 
withdrawal, ro king, and huddling oe 
curred at high levels whenever pic- 
tures of monkeys threatening ea 
peared on the screen, At 3.5 months 
this apparently innate fear response to 
threat stimuli declined. The voc aliza- 
tion measure, a response that reflects 
disturbance but may also reflect. con- 
tentment, showed a course of develop: 
ment similar to disturbance, except 
that voc alizations were relatively high 
with infant Pictures. After the 1 
month of life, Pictures of threat and 11 
infants received more exploration anc 
play than did other-monkey or control 
Pictures, Interestingly, the first stim- 
ulus pictures lo receive a relatively 
high degree of play were threat, which 
Were played with even during periods 
when disturbance responses to threat 
pictures were high, Climbing responses 
(Fig. 3), taken as an index of general 
activity, exhibited a large increase ale 
ter the firs Month. Climbing was most 
frequent in response to threat and in 
fant Pictures from this time until the 
end of testing. Also illustrated in Figs. 
2 and 8 is the finding that all measures 
for al] stimuli Benerally leveled off at 
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Ren gt; 
— to expe 
101 PAE . z 
* 1, vocalization, and disturba 
y 8 
8 monkeys, infants, all other m 


abo " 
ut ; 
6 months and remained con- 


ua thereafter. 
M E mii presents the 
throy trolled pictures for a l 

igh the first 6 months of life. 
all pic- 
ths 


data for ani- 
II stimuli 


ever 
im was cqual for 
2 and pre month J. During mon! 
t lemsely TAE subjects began exposing 
Monke ; es more to pictures containing 
/ n than m control pictures. 
Were |, iment 3, when the subjects 
eginning to show disturbance 
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Figure 2 
the development of play, explora- 


in response to pictures of threaten- 
and control pictures. 


to threat pictures in experimenter- 
controlled tests, lever-touching for 


threat declined markedly. However, 
responding for infant and other-mon- 
key pictures continued to increase. 
During month 4 responding to threat 
pictures was depressed below the con- 
trol-picture level, but lever-touching 
for threat did increase again during 
months 5 and 6. Lever-touching was 
generally higher for pictures of infants 
than for other-monkey pictures from 


In the final article in this section Ne 


variety of evidence from his own 1 
the whole range of genetically 


overall position is one commonly 


to find out what kinds are import 
seem to be imposed are absolut 
simple, but it does suggest tha 
along. 


aboratories 


determined 
aspects of behavior. Miller speaks w 


held today, 
undoubtedly are vitally important. The 


ant where, and whethe 
€ or merely relative, 
t both sides were 


al E. Miller looks at a wide 
and others in summing up 
and culturally determined 
ith considerable authority, and his 
Both kinds of influences 
task for science at this point is 
r the limits which 
The answer is not 
at least partially right all 


PHYSIOLOGICAL AND 


CULTURAL DETERMINANTS 


OF BEHA VIOR 
Neal E. Miller 


The Preceding lectures have Presented 
an exhilarating Panorama of man’s 
scientific discoveries ranging from the 
creation of the elements during 
clysmically violent explosions in the 
ancient vast galaxies of space to the 
more recent evolution of living sys- 


cata- 


Reprinted with permission, from The Scien- 
tific Endeavor by Neal E. Miller, Rockefeller 
Unwersity Press, 1965, pp. 251-65, 
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tems on our 
I have been 
a tr 
for 


own tiny temperate earth. 
given the task of making 
ansition from these topics to those 
the next Session. How is it that the 
organisms developing from certain 
complex helical molecules of DNA 
will be Standing on this platform — 
talk to you about problems involve 
in the communication of scientific 
knowledge, its relationship to public 
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Policy, a " 
ed the satisfaction of human 
I Ei eec piner this question, but 
steps "uar d you certain relevant 
also Ae an answer. These will 
XM dine illustrate a few of the 
broad e recent advances in the 
eid. behavioral science. 
10 learn 2 scientists are beginning 
Works, T əmething of how the brain 
10 ney ne human brain has at least 
lit many of which have 
sulting ín t complex branches, re- 
million éd a total of at least 107? (a 
PCR » 10 million) synaptic 
a g of these myriad 
termined oo to be innately de- 
basis lor; rey provide an essential 
which 5 of everyday behavor 
granted. O at us ca ly take for 
Horizanes E of these is recognizing à 
ds one 2 Fer This is not as simple 
head $ed en think, because as one s 
Zontal lin EISE move, the same hori- 
arrays of e s imulares quite different 
Ani ponts on the reuna. We are 
such i to learn something of how 
Using cepuon is achieved. 

W to record the 
and thre gamer neurons, Hubel 
single nery “fad in the visual cortex 
Specific ee eaten that fire whenever a 
is eee line on the retina 
different firen; Presumably the many 
Points oe dn stimulated by the 
conected this specific line are each 
when spe 115 this cell. Other cells fire 
win à ei n horizontal lines in other 
ilo me : are illuminated. These cells 
ilumin; espond to general changes 1n 
the Nos Yo or to small patches on 
ever any et other cells will fire when- 
nated a horizontal line is illumi- 
Neurons resumably each . of these 
many c M pmi: connections from 
iit (Bes s each responding to differ- 
Ben e lines. Because of the 

nity with which such cells are 


arranged in orderly colum ir 
connections 1 sim ard 
innately pre-determined, although ad 
perience is necessary for certain other 
aspects of complex visual perception.*# 

Similar arrangements are found for 
responding to lines oriented in other 
directions and to a considerable num- 
ber of other salient features of the 
visual world. This work begins to give 
us an idea of how a multitude of 
specific connections in the brain ab- 
stract information from the stimula- 
tion of individual rods and cones and 
allow us to respond to more general 
attributes, such as a line running in a 
specific direction. 

You have seen how one aspect of the 
innate organization of the brain pro- 
vides a basis for everyday behavior. 
‘There are many other such e amples. 
Even at the level of human social be- 
we may have many organized 
patterns, analogous to those which 
have been studied by the ethologists, 
which have not yet been recognized 
as instinctual because they are over- 
laid by social learning. I agree with 
previous speakers that innate behavior 
should continue to be vigorously in- 


vestigated. 

Our understanding of the mech- 
anism of innate organization of the 
nervous system is being increased by 
recent research on Jower animals. In 
one type of work Sperry and his asso- 
ciates cut the optic nerve, manipulate 
arious unusual ways, and then 
observe the process of regeneration.* 5 
When the eye of a frog is turned up- 
side down, the fibers regenerating 
from the nerve cell in the retina do 
not grow along the nearest old path 
or remain in the same spatial relation- 
ship to each other. They are not 
guided by adaptive function. Instead, 
f the 400,000 nerve fibers curves 
to establish essentially the 


havior, 


it in v 


each o 
around 
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: i fore, 

Bene eee ly anaes 
icing an oO io ie d 

1 0 v this case is pecan rd 
inverted so 0 fedis 5 

A 8 ‘ 

es bina 1 by ALONE: Recent 
when i 970 on the regeneration of 
experimnen SIM of fishes have shown 
cut suc ven the fibers are forced 
5 and pass through abnormal 
is po the brain, they will CRN 
ue te arrive at their preordained 
„ make a number of 
older theories untenable and show 
that various parts of the embryo must 
differentiate into some fantastically 
specific coding system with appropri- 
ate matches between the more than a 
million receptors in the peripheral 
sense organs and the corresponding 
cells in the brain so that e 
connecting fibers will be 
grow to 


ach of the 
guided to 
the correct destination, Re- 
flection on how a single fe 


rtilized egg 
cell can deve 


lop to produce these re- 
sults gives one a deeper appreciation 


of the wonderful process of differ- 
entiation and orderly growth which 
has bee 


n discussed in Profe 
born's illuminating le 
You 


ssor Sonne- 
(ture. 

have had a glimpse of 
kind of research that 
understand how the brain is organ- 
ized and functions in the processi g 
of information. Research on this and 
other functions is giving us a 
picture of the brain. We know 
the all-or-none conduction of the 
nerve fibers. called axones does 
apply to the synapses which 
one nerve cell with another 
especially prevalent in the 


one 
is helping us to 


new 
that 
long 
not 
Connect 
and are 


brain. Here 
the transmitting tip of an axone acts 


like a gland to secrete a chemical 
transmitting substance, such as acetyl 
choline, to achieve a finely graded re 
sponse which mas be either excitatory 


or inhibitory. These conclusions are 
founded on converging evidence from 
many techniques. Some of this work 
has been done by biophysicists who 
thrust micropipettes with several bar- 
rels into a single nerve cell, using a 
conductive solution in one pipette to 
record the electrical activity of the 
cell, while minute quantities of vari- 
ous chemicals 
phoretically 


are injected electro- 
the other barrels. 
Studies with the electron microscope 
have verified other details. Yet other 
studies have used a push-pull cannula 
to wash out and measure for a group 
of nerve cells the greater production 
of the transmitter, acetylcholine, when 


s y are 
they active than when they al 
101.18, 


The 
lating 


via 


behavioral effects of stimu- 
considerable populations of 
cells in certain locations of the Diu 
have been studied by Grossman in ny 
laboratory.25 He implanted a tiny cun 
nula. under anesthesia through which 
chemicals can later be introduced 155 
specific sites in the brain of the nor 
mally behaving, unanesthetized 1 
mal. His studies have shown that aft? 
a rat has been 
both food 
nute 


thoroughly satiated on 
and water, injecting a mt 
amount of acetylcholine or © 
Carbachol directly into, certain pare 
of the brain will cause it to drink: 
while epinephrine or norepinephrine 
Injected into the same site will cls 
the same satiated rat to eat. A yel 
ol contro] studies support the mos 
obvious Interpretation of these results. 
namely, that the neuromechanisn 
involved in the motivations of hunge? 
and thirst are chemically coded 7 

Other fundamental changes in OW 


* 
Ideas of the bi a stud? 
of the reticul 


ain come from 41 
ar formation, the «pnus 
Ee Ol te Tin which is character 
ized by à multitude of short interco! 


Sp : ger 
nes tions in contrast with the lone 
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fibers j : 
4 0 in the classical, more 
which igi ni and motor systems 
The studs I one been understood. 
nuclei has R | iiy system and related 
sleep, We changed our concept of 
wakefulne now know that there is a 
this is iet region ol the brain. If 
RS E the animal remains 
also two 5 But there are 
Stead of ek pee sleep centers. In- 
ation of 3 the animal, stimu- 
Sleep, Oise iese centers puts him to 
distinctis : Nas ds responsible for a 
other no E of light sleep and the 
think oi d sleep. We no longer 
In the sean as an overall decrease 
that the , vits of the brain. We know 
Many ate of spontaneous firing of 
E deae t during sleep. 
nal Stine: SGL responsiveness to exter- 
m the i pud seems to be a change 
gnal-to-noise ratio, which is 


pelle 1. 4 
ells is increased 


bro 
duce : 
than ned more by increased noise 
The 1 decreased signal. 
rain used to be thought of as 


U piss 
assive : i 
Ive switchboard, activated only 


Whe 
n à 
Sense he periphe 
E Org: » 

"gans Now we know that each 


Sign; " 
nal! R 4 
Onpoj mnpinges on a background of 
ng activity, is modified by this 
it. In 


activins 
Addition and in turn. modifies 
from the s the pathways coming in 
Ing WH organs are fibers carry- 
SENSE org; ses from the brain to the 
Drain pans These impulses from the 
firing ote erher increase the rate of 
SE. dleer - specific class of sense organs 
brain 5 — it. Impulses from the 
Points 555 also affect various relay 
tween the sense organs and 


th 
€ hip] 
Way ghest levels of the brain. In this 
control its own 


Stumulated by ral 


the: ba 
oral 
input l 


The 
SCribeg 
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can 


I have just de- 
iysiological basis 
phe- 


mechanism 
gives us a pl 
Hoei ot the psychological I 
Which Bh attention, an area in 

re has been a great deal of 
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recent research at the purely be- 
havioral level. This purely be- 
havioral research. has discovered many 
relationships for which the 
mechanisms have not yet been 
identified, although carefully con- 
trolled experiments have demon- 
strated that many of the phenomena, 
such as your capacity to listen selec- 
tively to either one of two equally 
loud conversations at a cocktail party, 
occur centrally in the brain 
than peripherally in the sense 


lawful 
brain 


must 
rather 
organs.“ 
In addit 
ship to the 
buds that sense 
the brain is now 


ion to its obvious relation- 
eyes, Cars, nose, and taste 
the external world, 

known to contain 
within itself specialized receptors for 
nsing the internal state of the body. 


ample, by using à thermode to 


heat or cool a tiny specific region of 
the anterior hypothalamus, which is a 
part of the brain, and by 
rom there with microelec- 
trodes, Nakayama, Hammel, Hardy, 
and Eisenman ar have found that the 
[ neurons are relatively un- 
moderate changes in their 
However, there are some 
that increase their rate 

they are slightly 
rs that increase their 
are slightly cooled. 
as, or be 
"sense Or- 
ages in 


se 
For ¢ 


primitive 
recording f 


majority o 
affected by 
temperature. 
neurons here 
of firing when 
heated, and othe 
when they 
cells seem tc 
to, specialized 
ng small char 
the surrounding 


rate 
“These 
connec ted 
' for measuri 


o serve 


gans 
the 


blood. 
Heating this T 


temperature of 


egion of an animal's 
causes panting and increased 
e skin which serve 
to lower temperature. Cool- 

causes the opposite effect of 
shivering and decreased blood supply 
to the skin. It also stimulates the 
[ the thyroid, which in turn 


body's burning of fuel.“ 


brain 
blood supply !9 th 
the body 


ing it 


secretion o 
speeds up the 
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In the experiments in which. only 1251 
tiny region of the brain is "adis 
these effects produce a fever, nn 8 E 
the whole body is cooled under Pia 
mal conditions, they serve to 1 91 
the animal's temperature to Dormok 
This is one example of a Rp hm 
mechanism that causes the pires 
environment to be held at an rir 
level, in this case a constant level o 
ature. 
Pd Tous effects that I have 
just described are relatively direct. 
But the beautiful picture is extended 
still further by the fact that cooling 
this region of the brain will make a 
satiated animal hungry, so that it will 
eat, whereas heating this region elicits 
drinking. Thus, this temperature- 
regulating mechanism is tied in with 
hunger and thirst which motivate 
havior that helps the animal to antici- 
pate its needs for the fuel it will burn 
to keep warm, or the water it will 
evaporate to cool off. 
In short, a whole serie 


be- 


s of home- 


ostatic mechanisms ranging from 
changes in metabolism to the moti- 
vation of the beh 


avior of seeking food 
or water is touched off by the cells in 
the brain that respond to temperature, 

A considerable number of other 
homeostatic mechanisms are known 
to be involved in the motivation of 
specific types of behavior. For ex- 
ample, certain receptors in the brain 
respond to osmotic pressure so that a 
minute injection into the proper 
place in the brain of a solution that 
is slightly more salty than body fluid 
will motivate animals that have just 
been satiated on water to drink and 
also to perform responses that they 


have learned to get water. Under 
normal circumstances such drinking 
reduces the 


salinity of the body fluids 
down to its proper level. Conversely, 
a minute injection of water will cause 


a dehydrated animal to stop drinking 
or working for water.19. 58 

Yet other cells of the brain respond 
to specific hormones so that activities 
such as nestbuilding in rats can be 
elicited by injecting a minute quan- 
tity of the proper hormone into the 
correct site in the brain.?? Hormones 
can also exert an inhibitory effect on 
specific areas of the brain without af- 
fecting other areas. Thus the proges- 
tational steroids normally secreted by 
the ovary during pregnancy inhibit 
that part of the hypothalamus respon- 
sible for stimulating the pituitary tO 
release the gonadotropic hormone 
which leads to ovulation. This hor- 
mone does not inhibit, however, other 
Parts of the brain which are involved 
in sexual motivation, sexual perform- 
ance, or sexual pleasure. A al 
synthetic compound is used in ue 
Contraception, a technique which 
would be considerably less attractive 
if this hormone's action on different 
parts of the brain were less specific. 

Motivation has been mentioned a 


n «citing 
number of times, One of the exciting 
developments 


the rapid ady 
Ing of the br. 


similar 


in recent years has ca 
ance in our understanc 
ain mechanisms involve 
in certain basic motivations such 45 
hunger and thirst. A combination Fu 
Physiological and psychological 9 5 
niques has been especially fruitful. 8 
Figure 1 you will see a rat that or 
learned when hungry the habit ar 
Pushing back a little panel to J 
food. Since this rat has just pur 
thoroughly satiated on food, it is PO 
berforming this habit. But as soon 25 
the experimenter presses a key P 
stimulate a feeding center in 9 9 
rat's brain with approximately 15m! 
lionths of an ampere of currens 
hunger is elicited so that the vit 
Promptly Performs the learned hab! 
of going directly to the right place 
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and pushing open the panel to get 
the pellets of food hidden behind it. 

€ does this repeatedly. As soon as 
the brain stimulation is turned off, the 
Tat stops performing this habit. Stimu- 
lation of this part of the brain can 
also motivate a rat which has just 
been satiated on food to learn where 
to find food. Different tests of this 
kind prove that such stimulation 
elicits more than reflex eating; it func- 
tions just like hunger in motivating 
different types of learned food-seeking 
behavior.48 


- 
x 


Figure 1 

Electrical stimulation in the 
“feeding area” of the lateral 
hypothalamus causes a rat, 
which was satiated and hence 
previously inactive, to go 
promptly to the right place 
and perform the learned hab- 
it of pushing back a hinged 
anel to get the pellets of 
food hidden behind it. (Photo- 
graphed in author's labora- 
tory.) 


ance has been the de- 
velopment of purely behavioral tech- 
niques for the laboratory study of 
non-homeostatic motivations, such as 
curiosity, the affection of the infant 
monkey for its mother, and the "aie 
of a human child for socia ap- 
proval.* 23. 20 Progress In such re- 
search may be expected to continue; 
eventually a great deal more will be 
known about how to stimulate, in- 
stead of stultify, intellectual curiosity 
in the classroom and how to arrange 
the social situation so that the strong 


Another adv 
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influence of the classmates pda qi 
instead. of conflict hoe ihe wur $ 
E achers. 
B 8 scientific under- 
E of how the bra lanae 
information. how it 7 a pie 
over its own input, how it vil s 
sense organs to help It to regu ate l 
internal environment, and how it ds 
involved in motivation. Let me turn 
"x to certain recent knowledge 
Aoi how we react to stress. Under 
stress, certain parts of the hypothala- 
mus function as a gland to secrete 
substances which are carried by the 
blood stream and excite specific sites 
on the pituitary gland, causing it 
secrete ACTH, which in 
the cortex of the adren 
ACH, which is one of 
causes the stomach to 
chloric acid, 
stances, 


to 
Causes 
als to excrete 
the factors that 
secrete hydro- 
Under extreme circum- 
this acid and other eflects of 
the complex reaction to stress are in- 
volved in producing ulcers in the 
stomach. Experimental studies have 
shown that direct electrical stimula- 
tion of appropriate areas of 
pothalamus can produce 

Clinical 
chronic 
duce 


turn 


the hy- 
such ulcers.21 
observations suggest that 
psychological stress can pro- 
ulcers. These observations are 
confirmed by a variety of experiments 
in which various animals have been 
subjected to situations involving difh- 
cult decisions, or conflict be 


tween ap- 
proaching a place to 


get food when 
hungry and staying away from it to 
avoid electric shocks. These experi- 
ments have shown that such Psycho- 
logical conditions, which presumably 
produce stress by activating the hs 
pothalamus via the cortex, en clicit 
the pituitary adrenal mechanism just 
described, increase the 
hivdrochloric 
ulcers ith 


secretion of 
add, and alo produce 


Ihe same general stress mechanism 


seems to be involved also, along with 
many other factors such as the level 
of cholesterol and sodium chloride, m 
the development of arteriosclerosis. 
and in the production of high blood 
pressure. Such conditions have been 
produced by prolonged electrical 
stimulation of the hypothalamus and 
also by subjecting animals to psycho- 
logical stresses which presumably ini- 
tate a similar chain of physiological 
reactions. #™ 5 Other studies are indi- 
cating that cultural conditions pro- 
ducing Psychological stress can con- 
tribute to the physical symptoms ol 
chronic high blood pressure. Scotch © 
has shown that members of the Zulu 
tribe, living in villages in which their 
culture is relatively unaltered, have a 
very low rate of hypertension, "Those 
who have been moved to cities where 
their old. culture patterns have been 
disrupted have an excessively high 
rate. For both groups, the . 
of hypertension is. correlated wil l 
sociological variables presumably nr 
volved in stress, but these are different 
under the two con- 
ditions. Somewh 
between 


sets of cultural 
at similar correlations 
sociological conditions pies 
stress and hypertension. have 


s Ne- 
Suggested by studies of the 
roes in the 


ducing 
been 


Chicago arca." These are 
Studies: their results must 
accepted with some caution. ae 
Penetrating studies of the roles 9 


i $ x š s0- 
sociological Variables in psychos 
Matic 


pioncering 
be 


SMptoms are in progress: " 
: j A 

M more work is being done 5 

; ier 
varous aspects of Stress, the con 


among the 
Val studies 


aia 

BENGE results of espa 
t > ini 

by Physiologists, dinie 


5 ie peli 
Observations by psvchiatrists, exp! 


Mental studies bs psychologists. = 
cultural Studies by sociologists ape 
anthropologisis is bern increas 
ingly impressive The results fro? 


10 
different 


disc Iplines are beginning 


PHYSIOLOGICAL 


fit toge 3 
Per iua into a significant. pattern. 
Within 9155 parts of the puzzle lie 
begun to i ANE but we have just 
Thus f E them. 
recent ees bio Koye primarily 
ological d y: edge about innate physi- 
. of behavior. As 
told sou. o dienen and Mayr have 
Capacities 91 of the important innate 
bile to a higher animals is the 
Recent oes from experience” 
arning, en in our knowledge ) 
un entire 2 e and reasoning merit 
IS not 5 but there 
> 1e, 11. 14, 16, 10. 32 37. 42. 


sampled 


of 


47, 50. 51 


the hu- 


Eh 

g "e: 

great development of 
tion- 


Man es 
ately Bic which is disproporuc 
the Voc Ks fos the areas representing 
Clated see eie has. 
and use |; Va unique ability 
the ex SUMMO, Through lar 
Dasseq 5 of one generation 
next. n as a cultural heritage to the 

organisms, the 
s extraor- 
lividual’s 


been asso- 
to learn 
guage, 


is 


Prog mo long-lived On 
dinari] natural selection ! 
i Y slow. Within the ine 
learning di- 
from the environment is much 
but still limited. When the 
hing oi eflects ol the lifetime 
dividuals : multitudes of different 1m- 
Passe 1 s each generation can be 
ever, 1 ta part of the culture, how- 
entirely 5 opments proceed with an 
Of ever > ifferent order of magnitude 
h Tan's ccelerating speed. 
Bini e ol adjustment 
en 1 preeminently cultural. 
older e PWEN anal anoves into ^ 
cological 


evolye niche, it slowly 
s the capacity to grow 


Meti 

Ime 
Mer e HN 
Aste! 
Cumul 
[T 


process of 


to the 


a thicker 
a much 


ur; 
hie n man moves into 
Clothes P imate, he invents warmer 
For tu e better house. 
Much md jeunes men who had a 
Process Per cultural heritage, the 
of innovation was vastly 
for 


slow 
ver ? E E 
. Man has been in existence 


AND CULT URAL 


- 
M 
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a million years. It is 
his brain has evolved 
significantly in the last 50,000 years, 
and perhaps not [or much longer. But 
man did not develop agriculture until 
10.000 years ago. It took him about 
5,000 more years to invent the wheel 
as a means of transportation, which 
as far as we know was invented only 
and was never discovered by the 
th and South America, 
in spite of the fact that the Incas had 
paved roads! n The steam engine as 
a source of industrial power was in- 
vented two hundred years ago, the 
acroplane within the lifetime of many 
of us in this room, and atomic energy 
and space vehicles still more recently. 
Compare the glacially slow initial 
progress with the torrent which you 
have seen during your own life. This 
is the effect of the cumulative heri- 
tage of culture. 
Science is à rece 


approximately 
unlikely that 


once 
Indians of Nor 


nt product of this 
development, one which is 
accelerating the proce 
nt Seitz pointed out during 
science flourishes 
in cultural conditions. 
happened to Gali- 


leo for advocating the heliocentric 
hypothesis, how the early anatomists 
were prevented from dissecting cadav- 
and the present activities of anti- 
ists. Modern science would 
without an advanced 
and a strong Eco- 
an enormous 
culturi members of the hu- 

never be giving the 

cluded in the next 


man spec h 
yapers that are in 1 
55 “In ie Endeavor. 


session on 
To understane 


cultural 
power! ully 
As Preside 
cond session, 


the se 
only under certa 


Remember what 


ers. 
vivisection 
impossible 
nal system 
Without 


be 
educatiot 
base. 
i] heritage. 
ies would 


nomic 


his culture 
d psycholo 
learning 
the innate 
man. But 


an gy- 


of human 
pend on 
structure of 
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have not yet been able to ey 
1 principles to the innate p at 

DRE ^ und it most us 
vilae 5 in other words, behavioral 
eng 2nd the discovery eae 
„„ 5 

re the 

8 has ftot 
the discipline of chemistry. On ge 
other hand, the crucial E 
human learning and behavior uad be- 
ing scientifically studied by anit s 
pologists, sociologists, and otlier socia 
scientists. In order to understand hu- 
man behavior, one must know Boh 
the principles and the conditions 
That is why the scientific study 
culture is important. 

It is often said that human beh 
is unpredictable. This is 
Under appropriate cultur 
there is a high degree of predictabil- 
ity. Without such Predictability, 
civilization would be impossible. 
Look around you. It is safe to predict 
that no one wil] be sitting there 
naked. You might stop for a moment 
to think how much someone would 
have to pay you in order to m 
undress at this meeting, 


you some idea of the power of culture, 
How bad a pest w 


ould some elderly 
relative of yours have to be before you 
would kill him? That is the Strength 
of the cultural taboo in Our society 
against murder, In India, cows, mon- 
keys, Parrots, insects 
ravage the crops of a 
population making i 
cult to introduce effici 
agriculture which involv: 
large fields of the 5 
hence invite multipl 


of 


avior 
not true, 
al conditions 


ake you 
This will give 


e growing 
ame crop and 


ication of the 
pests that prey on that crop. Since 


Hindu believes that any one of these 
animals might be the reinc amation of 
one of his relatives, he will not kill 


the 


any of these pests. For him the sacred- 
ness of all animal life is more meso 
tant than his own hunger for se 
On the other hand, the Eskimo vus 
to abandon his parents to aad 
death when they were too old to vies 
for themselves, and the aged parents 
asked to be killed in this way. Fhese 
are but a few examples of the enor- 


2 itions 
mous power of the social condit 
of culture. 


The first emphasis of the ic 
anthropologists was on the oie 
diversity of cultures. "They D 
that an astonishing amount of Mah 
nature is the product of culture co : 
ditions and hence is not the . 
everywhere. For example, there ar 


: m ifferent 
some cultures in which MR 
tribes have interacted for long ups 

i A in S 
ods without warfare, and in 


$ ilitarv weapons: 
Cases even without military wea] 


3 ; . an na- 
Peace is compatible with humar 
ture! 31. 54, 67, 71 

Even within 


rican 
own America 
society, we have 


various pce e d 
In the different social classes, the ielea 
of what is right and what is ido eol 
the values placed on education, 125 
ing an illegitimate child, SHE 
Saving money, and many other € 
of life are far more different pe 
Most Of us realize. There also ap 
regional differences in culture, as ill 

trated by recent events in the deep 
South. Certain Occupational RONE, 
ings are minor subcultures. 1 
takes his own immediate ES ee 
granted, and greatly nde 
the degree to which others react po 
because everyone tends t 


ferently, klar 

à z amila 
associate with people from a simi 
cultural background. 


As they h 


our 


jeir 
ave advanced beyond tl 


inr We: ists 
initial descriptions, anthropolog a 
have found that the fact that ma 
radically 


different 


ways of doing 
things in othe 


H Os” 
r cultures are quite P 


PHYSIOLOGICAL AND C 


m ue ex mean that it is a matter 
" Saye cs how things are done in 
Much alo ulture. They have learned 
a Diver ee how the different parts of 
incana. mie dovetail in a lawful, 
ist as * way, so that changes of cer- 
and veta may be strongly resisted, 
sions oe e produce repercus- 
a Mie onis iot pue an 1e Tå give 
Islands, i eximie. in the Trobriand 
ing his oe of a husband support- 
sister p Y e a brother supports his 
of a il his sister has the status 
be xu married to a chief, she must 
many LUN for. Each chief had 
ANE ves which were the source of 
Sois poe power, enabling him to 
Parties food and drink for work 
civil eod accomplished essential 
Breat I 7855 ts such as hollowing out 
canoes po to produce ocean-golng 
admini Vhen pressure from colonial 
of Mm caused abandonment 
hina tase the chiefs lost the extra 
inlaw, from having several brothers- 
Work they were too poor to throw 
thorit parties, their prestige and au 

y declined, and necessary civic 
A change in one 


tasks 
asks were visae. 
had unexpected, 


s of the society 
Caching effects." 
n additional example of the func- 
pects interdependence of various as- 
locka a culture comes from Mur- 
societi s comparative study of i 
mode ies which also illustrates the 
Sod. T trend toward quanin 
ur In a statistical analysis he has 
Ind that different patterns of sexual 


tal es pe E 
oos in these societies are highly 
in which 


corre]: à 

o and with the ways 

ane terms, such as "Mother" OF 
unt," are applied to larger Or 


r paternal 


Smaller c s 
daller classes of maternal or 5 
f kinship 


a The various uses Ot K 
ana are related to family livin 
in „ the bride m 

vith the husband’s relatives, 


g ar- 
oves 
the 
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husband moves in with the bride’s 
relatives, or both go off independ- 
ently. These customs are in turn de- 
pendent upon economic behavior, for 
example, hunting versus agriculture. 
Murdock also has shown how those 
s which are known to have oc- 
history of these so- 
a lawful sequence 
in economic be- 


change: 
curred during the 
cieties progressed in 


with the changes 
havior coming first, followed by 
changes in living arrangements, and 


then in kinship systems. 

We have seen that cultural changes 
are occurring at an accelerated rate. 
There is less time now for different 
aspects of a society to adjust by the 
slow, blind processes of social trial- 
and-error which were sufficient in the 
Some of the later speakers may 
be dealing with problems of this kind 
discussing New relationships be- 
science, government, and the 


past. 


in 
tween 
universities. 

In the studies o 


of the Zulus, we sav 
the stress involved in changing from 


one culture pattern to another. Other 
effects of the disorganization produced 
by relatively milder changes are illus- 
trated by the fact that in our own 
country problems of delinquency and 
crime have characteristically involved 
the. children of the newest wave of 
Yet other studies seem to 
certain sociological vari- 
lly social disorganization, 
are related to a higher rate of mental 
illness. 8. 3% 56 2.08 

The functional relationships among 
the different parts of a society become 
especially important when attempts 


are made to introduce rapid techno- 
so-called “under- 


f the hypertension 
v one symptom of 


immigrants. 
show that 
ables, especia 


logical changes in 
developed” countries. The changes 
occurring in such countries today 


t need for us to apply 


create an urgen 
and at the same time 


what we know, 
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present unparalleled opportunities o 
increasing our scientific 5 
ing of the dynamics of rapid socia 

ange. è 
udi years some political sci- 
entists and economists have greatly 
broadened their perspective by study- 
ing other societies and cultures, in- 
cluding some of the technologically 
underdeveloped ones. Instead of con- 
centrating almost exclusively on off- 
cial documents or government statis- 
tics, they have devised techniques for 
studying political and economic be- 
havior in the field. Unfortunately, 
these developments, which are chang- 
ing these subjects from what they were 
when most of us studied them in col- 
lege, are beyond the scope of this 
paper.!. 12. 25. 60, 61 

I shall conclude with one more ex- 
ample illustrating the way in which 
different disciplines, ranging from the 
physiological to the cultural, have 
profitably converged on a behavioral 
problem. You will remember that cul- 
ture must be learned by children and 
that such learning during childhood 
is a crucial link in passing it on from 
generation to generation. In addition 
to this general consideration, clinical 
observations have suggested that there 
may be certain critical periods in 
childhood during which experiences 
may have an especially profound and 
long-lasting effect. 

These observations have been sup- 
ported by recent experimental studies 
on animals. The imprinting, which 
Professor Mayr has described, 
occur only 


can 
during a limited period 
of the newly hatched bird's life. Birds 
will not learn to follow an object if 
their first exposure is after the critical 
period. Female rats restrained) from 
grooming themselves during a certain 
period of infanes do not show normal 


nest building in later life and will eat. 


instead of care for, their young. Simi- 
larly, monkeys reared with artificial 
mothers do not display normal ma- 
ternal behavior in later life, and if 
isolated from other infant monkeys 
during a certain period of childhood 
will not acquire normal sexual behav- 
ior when adult. They also show other 
strikingly neurotic symptoms. Bottle- 
fed sheep do not develop gregarious- 
ness, but graze alone. That genetic 
factors are also involved, however, is 
shown by the fact that not all mam- 
mals become as gregarious as sheep. 

The critical periods involve the in- 
teraction of developing innate pat 
terns with learning. Their occurrence 
is firmly established in certain lower 
animals but we need to know much 
more about the detailed processes in- 
volved, and their occurrence in human 
infants. 

Evidence that there are such critical 
periods in the development of the 
human infant has been secured by 
taking advantage of experiments 9 
nature in which illness or other un 
usual circumstances have forced the 
child to be separated from its mother 


i j t 
and mother-surrogate. In many, bu 
not all, ¢ 


have 
adult 


ases such separation seems to 
had consequences fo! 
personality, shifting it towart 
chronic mistrust, hostility, and delim 
quency.& 


serious 


Experiments. have recently show? 
that there are critical periods also fo 
Psychosomatic effects. It is well know” 
that petting infant rats causes them 
% grow larger than control 3 5 
mates, and ako qo be superior ? 


: ; : ming 
adults in certain arni! 


avoidance-le: j 
à : i 
tasks. Similar sighd 
later 


et 
e 
fects. th 


petting at a 
age does not produce these 
At first it was thought that 
effects of handling 
those of e 
tion, 


10 
were unlon eee 
Xpressions of parental a 160 
This uned out to be a far 
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ee misconception of the rat's 
po to being picked up by man. 
oi ap y» ks were found to produce 
: E ects. This and other studies 
showed that the effects were stressful, 
oe the links from the hypo- 
t talamus to the pituitary to the adre- 
nal that we have already described. 
ee MIS biochemical studies of 
5 showed that the brief 
e wo iliing an early critical pe- 
aduh 5 T permanent effect on the 
to Mie s physiological reactivity 
kl qoe . for exaniple the. production 
costeroids. 

yu UL] studies are showing that 
Hen oe periods of develop- 
certain E. which the injection of 
whic h send tor 1n minute amounts, 
si tien d be ineffective if injected 
ee times, can have permanent 
deveio upon the rat's physiological 
found pment, which in turn Taye pro- 
Stticties effects. on behavior. Such 
sme 5 may help us to understand 
bon B the physiological mechanisms 
opn ved in critical. periods of devel- 

lent. 
5 b to our previous theme, 
Shan psychosomatic effects of infant 

5s upon subsequent and 


mat diit 
to uration apply to hum: 
rat infants? One cannot perform 


fo on stress with human in- 
tieties here are, however. en 
ages reg which infants a different 
Poihi subjected to certain stres us 
the 9 such as cutting Ol burning 
Pierre to form a pattern ol seu 
ing LAE lips or the cars, 0! mold- 
Anda ndn soft bones by pressure. 
centy nee and Whiting ** have a 
the eff, 1 1 a cross-cultural study d 
age a hee of such proc edures an aver 
that Eos height. They have es 
Dositiy oe is a sania relle 
Suites ee between such pro 

Sand mean height. Th 


growth 
in as well as 


e average 


superiority in height of the stressed 
group is more than two inches and 
the data suggest that the first 1300 genis 
are the critical period for children "e 

Since this is a corrclational study 
they cannot be certain that there is 
a causal relationship. Nevertheless, the 
correlation remains when they ARE 
the data in such a way as to control 
for three factors likely to influence 
height: namely, genetic stock, diet as 
indicated by protein, and sünshini, 
which presumably is related to M 


inducing vitamin D. 

In short. clinical observations, be- 
al experiments on animals, the 
results. of biochemical assays and in- 
terventions, and cross-cultural com- 
parisons are converging to show that 
there are critical periods in infancy 
during which certain events may have 
effect. on subse- 
avioral devel- 


havior 


an especially great 
nt. physical and beh: 
The phenomena are real; 
cant; the next step is to 
about the laws govern- 


que 
opment. 
they are signifi 
discover more 
ing them. 

In conclusion, 
phasizes the extreme 
innate physiological and ac- 
tural factors in human de- 
We are beginning to learn 
ils of the 
nature 


current research em. 
importance of 


both 
quired cul 


velopment. 
of the fascinating deta 


which physiological 
nurture interact to pro- 
duce behavior. But the picture is not 
and each new discovery 
i] tantalizing prob- 
us to advance sci- 
into the vast 


a few 
ways in 
and cultural 


a simple one. 
discloses additioné 
challenging 


lems, 
dge deeper 


entific knowle 
unknown. 
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aised in these articles. Per- 
of freedom to 
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fee pus yery gripping due 0 

ill in a world which is gener 
cial questions are r 
at is freedom? Is the essence 
redictable? A person who always 
npredictable but is 
hat no one fac- 


5 Several cru 
laps the most central is: Wh 
feel free? If not, what is it? To be ump 
made his decisions by flipping 2 coin would be very d 


this whz JS 
his what we mean by freedom? Or docs it simply mean t 
erson, no government has complete control over a human? 


but what his master commanded would hardly 
phisticated robot not answer- 
adaptively in a world 
t, then that robot, al- 


tor, no outside p 
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full of forces impinging UP f concern to i 
though mechanistic, might appear at least in some senses of the word 
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90 FREE WILL AND DETERMINISM 


A PHILOSOPHER 


LOOKS AT SCIENCE 


J. G. Kemeny 


“Always speak the truth—think before 


wards.” : i 
"I'm sure I didn’t mean 
rupted her impatiently. | 
"Thats just what I complain 
suppose is the use of a child w 


' Alice 


There are some fundamental ques- 
tions a scientist must ask himself be. 
fore he starts his work. How can he 
justify his attempts as a scientist? 
What must he assume about the uni- 
verse in order to enable him to hope 
for some kind of Success? As a scientist 
he is going to be called upon to pre- 
dict the future. He has seen only the 
Past and only a small Part of that. 
What right does he have to assume 
that the past is a good guide for the 
future? It is these questions that we 


must try to answer in the 


present 
chapter. 


The Law of Nature 


The usual argument 
follows: A scientist searches for laws 
of nature. His search is hopeless if 
there are no such laws. Therefore the 
basic assumption of all Science is that 
there are laws of nature. This sounds 
very convincing indeed, but we have 


proceeds as 


Reprinted with permission from 
opher Looks at Science By: . Kemeny, 
Copyright © 1959 by Litton Educational 
4 sS ) = 2 

Publishing, Inc., pp. 36-53, 187-94, 225-29. 


3 Philos. 


of! You should have 
ithout any meaning?” 


i ) ter- 
you speak—and write it down af 


4 : T inter- 
was beginning, but the Red Queen in 


meant! What do yo" 


been forewarned about making a 
ing assumptions, When we state nent 
thing exceedingly general, the CA at 
is that we may be saying (Apad 
all. My first major point will be vnd 
cisely this, that the so-called peer 
tion in this very broad form is en 

of factual content. 

Of course, 
entists have 
Which have 
of nature, 


no one denies that * 
formed. certain papi 
been referred to as ‘say 
We may be tempted to ic h 
that since scientists have found e 
laws, therefore laws exist. Bs e 
know that many of these DN ap- 
laws have turned out to be only or- 
proximately correct or, indeed, "à sO 
rect in many cases. Even a je em 
well confirmed as Newton s t 
turned out, in the long run, no 
hold. Therefore the problem s 
that of finding theories which À 
approximately in limited range, * 
of which we are fairly sure, bul ex- 
Problem of laws holding wu 
ceptions, exactly, throughout all U the 
We may Suspect that some O this 
theories now held are indeed of igh- 
kind, but a Suspicion is not eno"? 


not 
ho 


The question is: Can we really 
that such universal laws exis 
What is a law of nature? It is a 
gcneral statement about the universe 
which is true. We know that these 
Statements or theories are mathemati- 
cal propositions which have been in- 
terpreted correctly. Thus, our quesuon 
amounts to asking whether there are 
any general mathematical proposi- 
tions which can be so interpreted that 
they are truc? It is my contention 
that, if we formulate our assumption 
Hr this broad sense, we can prove 
without reference to factual informa- 
tion that there are indeed laws of 
nature, In other words, I will main- 
tain that the so-called assumption is 
truc, but analytically true. 
81 tt a great pity for the Philosophy 
Science that the word “law” was 
ever introduced. The usage of "Jaw" 
carries the connotation that it can 
Somehow be disobeyed. The idea of 
Obeying or disobeying should not 
have entered these discussions at all. 
I am afraid this is part of our tend- 
€nCy to try to recreate the universe in 
Our own image. It may perhaps date 
back to the primitive idea of God. To 
Primitive people, God is but a very 
large and powerful human being. We 
even find examples where they try to 
make deals with Him. This may be in 
the form of sacrifices or promising to 
be good if he will only do them a cer- 
tain favor. In mythology we find many 
examples where the gods are endowed 
With human strength and 


human 
weaknesses. It is perhaps a remnant 
associate the 


from these days that we 
idea of a law with nature. Presumably 
assed by 


the laws of nature were pi 
God. They were laid down on 
heavenly piece of paper and these are 
the things that we must do. These are 
the things that nature must obey. 
There are even recorded examples of 


a 
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violations of the laws of nature, and 
these are called miracles. 

We must realize that nature is not 
like a human being. Nature cannot 
obey or disobey. The laws of nature 
do not prescribe but, rather, they de- 
scribe what happens. A law of nature 
is but a description of what actually 
takes place. In contrast to this, when- 
ever a human law is passed, then it 
must be possible to violate this law. 
When we pass a law forbidding mur- 
der it is, of course, assumed that it is 
humanly possible to commit murder. 
If it were impossible to commit mur- 
der, then there would be no point at 
all in passing a law against it. There- 
admit the possibility of some- 
one acting against the law and we 
have to invoke penalties and enforce- 
ment agencies to see that the law is 
But a law of nature cannot be 
There is no need for any 
kind of enforcement agency. The rea- 
son it cannot be disobeyed is much 
simpler. Since a law of nature is no 
more and no less than à careful record 
of what actually happens, there is no 
possible way of violating it. If in any 
experience one keeps a careful record 
of all that actually happens, then in 
no sense can this record be violated. 
After all, if we have stated. exactly 
what has happened, then nothing can 
ever be done to undo 


this. 
As a matter of fact, from this point 
a law of nature is 


of view a very dull 
thing. It is like a court record of pro- 
ceedings on an average hearing before 
the judge. The only thing that lends 


it glamour is the fact that it is a record 
not only of the past, but also of the 
present, and most important of all, 
the future. It is like a court record of 
all past, present, and future proceed- 
Anyone who is in possession of 
record will know what lies 


fore we 


obeyed. 
disobeyed. 


such a 
ahead of him. 
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Some years ago eee Pts 
duced an ueque es eut s 
subject. It dealt with E ar ets 

iv E vspaper each day. t \ 
12 85 e method fins paper 
out to be tomorrow's new Niger. 
"hes fore, each day he knows what 
es headlines will be. n 
rally this gives him „ 
over his fellow human pees e can 
go to horse races and win any amount 
of money that he pleases. He can usc 

the information available to him to 

get a good position and to advance 
himself and his friends. Of course, 

there has to come a moment in a 

Hollywood movie when the hero is 

punished for all this undeserved 

wealth. One day he reads that tomor- 
row's headline will be a report of his 
own murder. He does everything 
sible not to get near the place where 
the murder is supposed to take place, 

but he does not succeed. Through a 

strange series of circumstances he ends 

up in just that buildine 


8 and at just 
the right time. A shooting takes place 
and he is accident 


ally shot though not 
killed. But he is reported dead, and 
indeed the report of his death is to- 
morrow's headline, 

The laws of nature are 
like tomorrow’s newspaper, but they 
report not only what happens the 
next day, but a weck from now, a 
year from now, or many millions of 
years from now. In addition, the ] 


pos- 


in a sense, 


aws 
of nature are like the perfect. news. 
paper. They never report anything 
mistakenly and they always include 
every last detail in their report, 
man in possession of a law of nature 
would have the most tremendous 
power ever dreamed of by mankind. 
It is for this 


Any 


reason that scientists 
spend their entire lives trying to get 
a small part of tomorrow's newspaper, 


We are now in a position to prove 


the existence of laws of nature. Actu- 
ally we can prove something stronger 
than that. We can prove that any 
given phase of the world is covered 
by some mathematical law correctly 
interpreted. Let us select an example 
that is supposed to be particularly 
unpredictable. Naturally I mean the 
weather. To make the example more 
specific, let us take the temperature of 
New York City. First of all, we must 
select à suitable mathematical lan- 
guage. But this has already been done 
for us. We will state our law in de 
grees Fahrenheit, the usual measure 
of temperature. What form would the 
law have to take? It is supposed to 
state for any moment in the past 
present, or future just what the tem- 
perature was at the place that is now 
New York City. Such a correspond- 
ence is known in mathematical ter 
minology as a function, More spe- 
cifically, we have to describe the de- 
grees Fahrenheit in New York City 
as a function of time. This is sym 
bolized by writing f(t) = d. The ques 
tion then is: Is there any mathemati- 
cal function which, interpreted in the 
way we have just indicated, correctly 
describes the temperature in DA 
York City at various times? But us 


1 
oon às we have stated the problen 
this dearly it 


x 8 at 
is very easy to see th 
such a functio 


n exists, Given any mo 
ment of time, there is no difficulty, iP 
Principle, in recording the tempera 
ture in New Vork City. Again, in pri’ 
ciple, there is no difficulty recording 


) : or 
this for al] Moments, past, present, a 
future, And this rec ord defines * 
function, Of 


f jce we 

course, in practice. is 
; s 

Carry this out, but thi 


` 4s tO 
only to the question a5 , 


could never 
relevant 
whether 


- ; his 
WC can find out what t 10 

function is, not to the question oe 

whether such a function exists. T 


ibili , . re, ras 
possibility of making such a reco 


in principle, is sufficient to guarantee 
that this is a well-defined mathemati- 
cal function. Hence it proves that this 
aspect of the world is covered by a 
law of nature. A similar argument 
will work for any other phase of the 
entire universc. 

Once we have seen that the exist- 
ence of a law of nature is no more 
than the theoretical possibility of 
keeping a careful record, we can do 
much more than we have done so far. 
It is possible, in principle, to keep à 
record not only of one event, but of 
any event in the entire history of the 
Universe, If we are then prepared to 
imagine that some all-powerful heav- 
enly agent keeps a careful record of 
all events in the universe, then these 
records, together, would I law 


Which covers everything that happens 
t us call this record 


form a 


2 the universe. Le 
Phe Law of Nature. 

Naturally it is not 
there is only one possible 
structing The Law of Nature. Since 
this law is not a pure mathematical 
law, but an interpreted one, there are 
IIR ways of connecting 
the universe. For 
interpretation We 
„aw of 


claimed that 
way of con- 


mail different 
, ^Unematics with 
any choice of an 
Aa have one version of The I 
ature, But since any one version 15 
as good as any other one, we will sup- 
Dose, for the sake of the argument, 
that one definite version has been se- 
lected and that this is our standard 
reference book in terms of which we 
an discuss the basic assum ptions of 
Science, 
. We have now reache 
1% conclusion that there pad 
assume anything about the exist 
a of the laws of nature. Then why 
1 € so many eminent people stressed 
nevessity of making such an as 
sumption? The only reasonable con- 
dusion is that, although the assump- 


d the surpris- 
is no need 
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tion usually found in books is 
analytically true, there must be a 
slightly different version of this as- 
sumption which makes a good deal of 
sense. Indeed we will find that this is 


the case. 


Causal Laws 


Let us return to our original prob- 
lem of trying to find factual content 
for the empty assumption about the 
existence of laws. One promising line 
is to assume not only that some laws 
exist, but that laws of a special form 
exist. We will consider six possible 
forms of laws and hence six new kinds 
of possible assumptions: (A) Causal 
laws; (B) time independent laws; (C) 
conservation laws; (D) minimum prin- 
ciples; (E) continuous laws; (F) laws 
involving a given number of dimen- 
sions. We will show that of the six 
forms mentioned above, four lead to 
ssumptions while the last two 
lead to genuine factual assumptions. 

It will help in these considerations 
to illustrate our points with a specific 
example. Let us consider the law gov- 
erning a stone that is thrown into the 
air. If we throw it from a height of h 
feet with a velocity of v feet per sec- 
ond, then its height at future moments 
y the formula d — h+ vt = 
. In this ¢ is time measured in 
seconds, and g is a fixed number (ap- 
proximately 2). This law, essentially 
due to Galileo, is of considerable in- 
nce, if we neglect ail resistance, 
any physical object, 
be it a heavy stone or a feather. We 
I] eventually show that this law can 
ny of the four forms 


emply a 


is given b 


terest sil 
the law applies to 


wi 
be rewritten in a 


A through D. 
The search for causal laws 1s deeply 


tied up with our subconscious tend- 
ency to recreate the universe in our 
own image. In ow lives we scarch for 
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motivating forces for all our actions. 
We say that a man is irrational unless 
he has had a "good reason" or a good 
cause" for what he did. We are con- 
stantly stating what caused us to act 
in the way we did. "I went to the ball 
game because my father taught me to 
love the Dodgers." “I voted the Demo- 
cratic ticket because of the speech I 
heard in October." “I believe in the 
U.N. because I believe it is our only 
hope for peace." In all three cases 
something happened in the past that 
caused the action in the present. What 
typifies causality is the fact that an 
event taking place at some time some- 
how brings about an event at a later 
time. 

We demand that nature should fol- 

low our example. If anything at all 
takes place we immediately search for 
the cause in a previous chain of events. 
Why does the tree fall? Because we 
cut it down. Why does a balloon rise? 
Because air pressure lifted it. Why 
does wood burn? Because oxygen com- 
bined with it. In each case we search 
for an event which brought about the 
result. Subconsciously we feel that na- 
ture was forced by its past history 
to take a certain course of action, the 
same way as we as individuals are 
forced to take certain steps. When 
primitive people personify nature we 
laugh at them. Yet in many ways we 
are much more laughable, since we 
ought to know better. 

One of the foremost British philos- 
ophers, David Hume, deserves credit 
for first pointing out that our attitude 
toward causality must be changed. Let 
us consider a typical example. We 
pull the trigger of a rifle and there is 
a loud noise. The cause is the pulling 
of the trigger and the resulting noise 
is the effect. If this happened but 
once in the history of the universe 


we would never associate the two 


events with each other. The reason we 
say that the former caused the latter 


is that we have often observed these 
two events 


together. Whenever we 
pull the trigger of a rifle (naturally a 
rifle in good working condition, 


loaded, and without a silencer), there 
follows a loud noise. But this sentence 
contains everything that is of factual 
significance. Whenever one event takes 
place it is always followed by an event 
of the second kind. If we add anything 
to it about one causing the other one, 
there is certainly nothing in our ex- 
perience that warrants the assump- 
tion. The statement that an event of 
type A is always followed by an event 
of type B is a true general proposition 
and hence is a law of significance to 
Science. For example, if we pull the 
trigger in the future under the proper 
circumstances, we can predict that à 
loud noise will follow. There is no 
need whatsoever to assume that some 
mysterious force connects the two 
events. And even if there were such @ 
force, if we cannot observe it in any 
way, we do not care about its exist 
ence. Hume does not object to calling 
one event a cause and the other one 
the effect, as long as it is clearly under- 
stood that this means no more and no 


^ than that A is always followed bY 


What typifies causal laws is that, if 
we are furnished certain informatio? 
about the present moment, the law 
will give us information about the 
future. This, of course, is of treme! 
dous significance for Science. There is 
a second point of view from which 
causal laws are very important. They 
are the key of the division of labor 
between the theoretical scientist and 
the experimentalist. It is the role ° 
the theoretical scientist to find causa 
laws, whereas it is the role of the e 
perimenter to furnish data about the 


present. Combining the labor of these 
two types of scientists we are fur- 
nished information, not only about 
the present but about the future as 
well. 

Let us now return to our example. 
The law we stated governing the 
tossed-up stone is in explicit. form 
giving us information about past, 
present, and future. But it is easy to 
change this into a causal law. Sup- 
Pose we state merely that the accelera- 
tion is equal to —g. (The acceleration 
is the rate at which the velocity 
changes. The minus sign indicates 
that as the stone is flying upward its 
velocity is decreasing, while as it falls 
to the ground it falls faster and faster.) 

It will be objected that this is not 
a causal law, since no “cause” has 
been found. But nothing is easier. We 
will say that the acceleration is ised 
by a “pravitational force,” that is, by 
a force that causes the gravitational 
acceleration. How do we observe the 
force? By observing the acceleration. 
How strong is the force? Just strong 
enough to bring about the accelera- 
tion, This may seem artificial, but this 
'S exactly what Newton did. In every 
type of motion we can observe the 
acceleration, a, and the mass of the 
Moving particle, m. He then postu- 
lated a force causing the acceleration, 
9E Strength ma. Since in many types 
of motion the acceleration is inversely 


Proportional to the mass of the mov- 


1 J ? ^ d A 
ng particle, this gave Newton 2 con 
motion. In 


Stant force governing the 

Our example even this satisfaction 15 
acking. The acceleration is independ- 
ent of the mass of the falling body! 
But there is no difficulty in overcom- 
Ing this; if the acceleration is constant, 
then we need simply postulate that 
the gravitational force is proportional 
to the mass of the falling body. To- 
Bether with the fact that the force has 
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strength ma, this says no more and no 
less than that the acceleration is a 
constant. The only possible justifica- 
tion for this bit of sleight of hand is 
that we demand that our laws be in 
the form of causal laws. 

From this new form of the law 
alone we can say nothing at all about 
the position of the stone at any given 
moment. If we carry out a simple 
mathematical operation, namely inte- 
grating twice, we arrive at the explicit 
form of the law we started with, but 
with two important gaps. We do not 
the value of h and we do not 
the value of v. These values 
found by observation. Once 
these two numbers are found we have 
original version reinstated, and 
ave complete informa- 
tion about the flight of the stone. No 
matter how many stones we wish to 
study, for any stone we will need only 
two ‘numbers. If we want to study a 
million objects thrown UP into the 
air, the observer will have to get us 
numbers. As far as laws 
ime causal law will 


know 
know 
must be 


our 
hence we can h 


two million 
are concerned the s: 
suffice. We have said that a causal law 


determines the future given the pres- 
ent. The two million numbers are our 
The causal 


description of the present. 
law does all the rest of the work for 


us. We might picture the process in- 
tuitively as follows: The given num- 
bers tell us where the stones are at 
this moment and how fast they are 
moving. The causal law tells us then 
what will happen à brief. time inter- 
val later. And given the information 
about this moment the causal law 
again tells us what happens after a 
short time has elapsed, etc. Putting all 
information together we get a 
complete picture of the future. 

We now see the great advantage of 
using this particular form for a law. 
Instead of having separate laws for 


this 
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stones thrown from different AE 
and with different velocities, we js 
but the single, simple law xem "ia 
acceleration is equal to —g. A d iw 
rest is left up to the experimenta (n 
The more data he collects about the 
present, the more we will be able to 
sav about the future. But it is also 
clear that this is but a convenient 
form for the law; it is not in any sense 
a special kind of a law. We had no 
difficulty at all in changing our law 
into a causal law, and it can be shown 
that there is no difficulty in this in 
any conceivable law. Therefore the so- 
called assumption about the existence 
of causal laws is not really an assump- 
tion but a convention as to the form 
to be used for laws of nature. We will 
later see that assumptions of the form 


B, C, D also are no more th 
ventions. 


an con- 


Naturally, conventions are 
ful in any undertaking. 
is in mistaking a convention for a 
factual assumption. There have been 
many philosophers who have tried to 
take the fact that scientists use causal 
laws and draw far-reaching conclu- 
sions from them. It is clear that 
the only legitimate conclusion to be 
drawn from the existence of causal 
laws is that scientists like to put their 
laws into causal form. 

It has been maintained that the 
principal competitor of a causal law is 
a teleological law. The latter is a 
which determines the present, 


very use- 
The danger 


law 
given 
the future—rather. than determining 
the future. A great deal of time and 
space in publications has been de- 
voted to a discussion as to which type 
of law is superior. I do not want to 
leave this topic without considering 
he question. I 
Ds us construct a causal law. We 
will choose the weather as 


our sub- 


ject, and simply consider whether it 


is "good" or "bad." As the “past” let 
us consider the last three days. The 
law states that if of the last three days 
exactly two were good, then the 
weather remains the same as yester- 
day's; otherwise we have a change in 
the weather, We will see that this is 
a complete causal law as far as the 
goodness of the weather is concerned. 

Suppose that we have had two good 
days followed by a bad day, We can 
symbolize that by “GGR.” 


Last three days, GGB 
Exactly two days were 
good, so the weather 

the same (ie, 

GGBB 

we see that of 

last three days 
only one was good—a 
change is due. GGBBG 
Same as above—an- ; 
other change, GGBBGB 
Same as above—an- HT 
other change. GGBBGBG 
Now two of the last 
three days have been 806 
geod—no change. GGBBGBGG 
Same as above—apain SS 
no change. GGBBGBGGC 
Now all three days 
have been good, hence 
we are due for a “CGB 
change, GGBBGBGGC 


„ 3 rigi- 
We have now returned to our 9! 


and from here the seni 
repeats itself. We are led to a seve! 
day cycle. The information fes 
namely the weather of the last an 
days, is the initial data, and 19 
thing about the future follows pow 
this by me “oe 
Let 
day 


nal case, 


needed, 


ans of our miniature 
say anything about 
past? We again Start with GGB. 
"X" stand for the weather of the „. 
before, giving the sequence * 


Can we 


RN tpe followed by a change 
8 js À GG cannot have exactly 
"Y wand pus in it. Hence X = G. Let 
senna un day before, in the 
Aye ee GGB, or YGGGB. YGG 
ed ped bv no change; hence 
lave Seay ol these three days must 

en good, ‘Therefore, Y e i 


And ots 
so on. Given the initial data, 
future, 


our 


law determines not only the 
This is true also ol 
ions that express 
What does 
| con- 
hould 


Pan also the past. 
17 0 e equatior 
this Phonak laws of physics. | 

to the old philosophica 


about whether laws > 


troy 
Ersoy 
the basis ol 


eterna 
du E the future on 
present, or determine the present 


on A 5 
the basis of the far future The 
ms to have lost 


entire 
it ire controversy see 
5 meaning. 


Deter 
Deter minism 


If any of them can explam it,” said 


Alice. pr 5 

1 EI Vil give him sixpence. I don't 

believe ? 

1 leve there is an atom of meaning in 

ie 

7 If there is no meaning in ite 
e e 

j e King, “that 4 world of 
"n ; T 
ouble, you know, as we needn't Uy 


to find any." 


said 


saes 


Thi P z 
IS quotation expresses my senti- 


ment : c 

tern CON CENA: the problem of de- 
1 

inism. It scems to be the most 


Controversi 
oversial pseudo-issue ever made 


Import: i 
tant by dressing it in Big 
y SS up in 18 
Words. 5 i 
METApuy 
TAPHYSICAL DETERMINISM 
The i 
he problem is whether the future 
nfess 


mat Sd dea deese. ] must co 
and nie no idea what this means, 
Nate 2 1 study various papers 
(eund zh Ms subject, the less I un- 
ure oes 8 an undetermined fu- 
Sie f; d be. It is admitted, on the 

rand, that the future will take 
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lefinite way and, on the 
other, that it has not yet taken place. 
Beyond this very little can be added. 

“The Dictionary of Philosophy” 
us the following definition of 

that every fact in 
is guided entirely by 
law." This is typical of the type of 
confusion that is necessary to deceive 
„thinking that there is a prob- 
We must believe that laws 
facts, or that laws "deter- 
1f, instead, we recognize 
that laws only serve as descriptions of 
then it becomes clear that The 
Law of Nature describes all facts— 
hence that the universe is determined 
in this sense; it is also clear that this 
characteristic of all conceivable 


place in one ¢ 


gives 
determinism: 
the universe 


us into 
lem here. 
"guide" 

mine" facts. 


facts, 


is a 
universes. 


Another usual formulation is to ask 


whether every event has its cause. But 
we have seen that whether we describe 
aws in causal form or not is en- 
tirely our free choice. Causal laws are 
useful, because they lead to a 
We try to formulate 
present, will 
future for use. Then 
the more facts can accumulate 
about the present, the more we will 
be able to predict concerning the fu- 
turc. Discussions of determinism are 
inter mixed with discussions of our 
ability to find such laws, and of being 
able to find all the initial conditions. 

Far be it from me to deny the im- 
portance of the question as to what 
degree we humans can know the fu- 
But whether or not we humans 
in principle predict the future is 
it our limitations. not 
universe. To 
pre- 
the 


the | 


very 
division of labor. 


a law which, given the 


determine the 
we 


ture. 
can 
a question abot 
about the nature of the 
state the fact that we can never 
dict the future completely in 
terms “the universe is not determined” 
is not only bad syntax, but it leads to 


atrocious Metaphysics. 
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Let us conclude that everything 
relevant to this pseudo-problem has 
already been stated... [earlier] 

and pass on to a more interesting 
question. 


Predicting the Future 


Before getting lost in the problem 
of the predictability of the future, let 
us ask who is to make the predictions. 
Is it to be a super-human intelligence, 
which has unlimited knowledge of 
The Law of Nature, or is it to be an 
ideal human being, or is it to be an 
actual person? 

On the one extreme, a super-hum 
intelligence can “read off” the future 
from The Law. But this is not sur- 
prising, since The Law is a des: ription 
of past, present, and future. At the 
other extreme, it is obvious that at 
the present, with our present laws, we 
are unable to predict the future with 
any accuracy. So we see that any in- 
teresting question must lie somewhere 
between these extremes. 

We can distinguish four f 
fluencing the problem: (1) The laws 
available. (2) The facts available, (3) 
The reasoning powers available, (4) 
The time available, As to the first 
factor, we have already seen that we 
should allow ourselves less than ‘The 
Law of Nature. We May suppose that 
the law available is a consequence of 
The Law-that is, describing some 
part of the history of the universe— 
or that it is an approximation to such 
a partial description. Instead. of tak- 
ing it to be a complete description of 
a part of the universe's history, it is 
more realistic to take it to be a causal 
law applying to certain kinds of phe- 
nomena, which. coupled with facts 
about the present, predicts these phe- 
nomena in the future. The problem 
for such laws is to know just what 


an 


factors in- 


arca can be covered by them. One 
school maintains that such laws will 
be found to cover all types of phenom- 
ena. A more conservative position is 
that, although this goal will never be 
reached, we will continualy broaden 
the field to which such laws are ap— 
plicable. : 

On the other side we find various 
views maintaining that some areas 
will never be describable by human 
laws; some of the positions will be 
discussed in the following chapters. 
Again it can be argued that, although 
causal laws can be found, they on 
always only approximately true anc 
that, besides broadening the field of 
applicability, we must also try to get 
better and better approximations tO 
the truth. It is even argued frequently 
especially since the success of Quan- 
tum Mechanics, that our more precise 
laws cannot be causal, but must be 
statistical. (This last distinction is, o 
practical purposes, not as fundamenta 
as it may seem, since we have already 
noted that due to errors in observation 
WC can only make statistical predic: 
tions from any kind of law.) Dispute 
between these various positions a 
fruitful, and they influence unt 
candy our beliefs as to the predictab! 
ity of the future, 

Let us next turn to facts. in 
two scientists agree as to what we t 
expect from our theories, they s 
disagree as to the practicability a 
predicting the future, on the has of 
varying views as to the possibility 3 
finding the facts. tO hae 
the theory, Newton's laws will tell y 
all about the d 


Ap $ 
a 10 sola 
future of tl and 


necessary 


tem, if we know just where the pl 


ARE Get oo ce 2 SEHE 
are at a given moment in relatie 


; Seti ay 
the sun. Errors in prediction n Lune 
due. on the one hand, to the 


> ap 
AUC : „came 2 
UFacy of the law (which beca! i 


Pa A hich of 
parent. in discrepancies in the 


of Mer 
i pese oe on the other hand, 
positions al s 10 eee, tbe 
reduced but ne e Rn d which gun be 
These errors pone entirely eliminated. 
deg Neq c 
more reliable d Be pice ictions are 
is well k c than long-range ones. It 
do a Posee Bh 0 anyone who has to 
called ee that the so- 
very significant ii oes nnn become 
Similarly a n e ong computation. 
lation ms edi nod error in calcu- 
is used . 5 € as the result 
ing a small 5 se AUN 
Introducing ; Pa je * e 
che MAN abs sa K ae error into 
more. a ity of prec pd l The 
the error 1 oe this figure, the greater 
analowy j nay become. Perhaps a good 
a RUE e provided by the taking of 
Pres Mo the druggist makes up the 
i Wa Ru just slightly too strong. 
may E little effect. at first, but 
of f : entuully lead to death instead 
eure. 
"ss problem of predicting is fur- 
complicated by the celebrated 
neertainty Principle. When we come 
ie een and subatomic phenomena, 
and er methods of observing 
"hit bolo 2d are so crude that we 
be Cr disturbing the system to 
bun e When we measure the 
up sen a table, we put a yardstick 
tite te it, which act pushes the 
can fu * this push is negligible. We 
Peon reduce this push by not 
it. "We the table, but only sighting 
Sanne ja of course, involves reflecting 
Tay a] ight from the table. This light 
iat so exerts a push, but 80. slight 
oes one would ever take it into 
Mieres However, when we come to 
Sle vies ADIOS particles, We are like 
ARES e trying to measure a violet 
ble di ing £o the Uncertainty in 
ine is an absolute limit to mE 
acy we can achieve- This shows 


to 
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that, whether our laws are statistical 
or causal, there are severe limits on 
the accuracy of our predictions E 
cially long-range predicate in; 
The third factor, that of limitations 
on our powers of analysis is not nearly 
as frequently mentioned. Yet there 
are famous examples to illustrate this 
difficulty. To derive predictions from 
a given theory often requires long and 
extremely difficult mathematical argu- 
ments. Given Newton's laws, it is easy 
to show how two bodies move relative 
attracting. the 


other, each 
But when we ask the same 


bodies, the answer 
found in complete 
all kinds of ap- 
ases, but no 
In the case of the 
tion of two planets 


to each 

other one. 
question for three 
has still not been 
We have 


generality. 
r special C 


proximations fo 
general solution. 


solar system the mo 
around the sun is solved by assuming 


that the attraction of the planets on 
each other is nearly negligible com- 
the pull of the sun. We first 
calculate the pull of the sun and the 
resulting planetary paths: then we 
introduce a correction for the mutual 
attraction of the planets. This method 
necessarily introduces jnaccu- 
racies, which are vastly increased 
when we consider dozens or hundreds 
| billions of bodies. 
The extreme example of this diffi- 

culty in calculation is given by Ein- 
cent work. As we have noted, 

his Unified Field Theory, published 
in 1950, is entirely untestable for the 
because the mathematical 
iat need to be solved are 
ability. In this case 
it for major progress 
a single pre- 
new 


pared to 


new 


€ 
stein's re 


time being, 
problems i 
beyond our 
Science must Wa 
in Mathematics before 
diction can be made from the 


theory. 

The last 
time element, 
bility in principle, 


four factors, the 
t affect predicta- 
affect 


of the 


does no 
but it does 
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the practical problem. It is very nice 
to know that with our present theories 
we can predict tomorrow's weather. 
But if it takes our calculating ma- 
chines a full month to carry out the 
necessary prediction, then it is of very 
little practical use. We could always 
argue that with the progress ol ma- 
chine-construction the prediction will 
be fast enough to be helpful. But 
there still remains the possibility that 
some predictions by their nature re- 
quire more time than it takes for the 
event to happen. This may, for ex- 
ample, be the case in trying to predict 
human decisions. 

In summary, let us recall that this 
problem of predictability has nothing 
to do with the problem of whether 
the universe is in some mysterious 
sense determined. Rather it has to do 
with our human abilities to compre- 
hend the universe. At 
is a scientific problem to see how far 
and how accurately the future is pre- 


dictable by our limited means. But it 


it is up to the philosopher to specu- 
late which of these limitations. are 
essential and which will be 


any one stage it 


removed, 


or at least improved, with human 
progress. 
Two Related Topics 

Let us first consider an ingenious 


argument to show that complete pre- 
diction of the future is in principle 
impossible. Its source is not entirely 
clear to me, as I have heard it at- 
tributed to various authors. Recently 
K. R. Popper studied this problem 
exhaustively. 

Suppose that we have found the 
causal laws describing physical nature, 
that spirit whispers 
them in our ears. Then we can build 
a machine which is specially designed 
to predict the future. given data con 


cernimng the present 


or even some 


Let us build such 


a machine, and put it in a laboratory 
which is carefully isolated from the 
outside. Let us wire the machine so 
that it will calculate the future for 
100 years, or at least so that it can 
answer any question about the next 
100 year 
certain 


- Suppose the machine has a 
signal indicating that the 
answer to our question is “Yes” and 
another for "No," Let us connect to 
the machine an electric fan, built so 
that it could run for hundreds of 
years if not shut off. Let us connect 
this fan so that the only way it will 
be shut off is by means of a “yes 
signal from the machine. 

Let us now suppose that we some- 
how supply the machine with the 
needed data concerning the present. [t 
doesn't matter whether we did this by 
measurement, by guess- 


accidentally R 
ing the truth, or even had a superio! 
spirit hand it to us. Somehow the ma 
chine is given all the needed clita 
Then we can ask it any question cor 
cerning the next 100 years. Let us 25* 
i: "Will the fan be running 99 yeni 
from this moment” The machine 
8065 into an intricate calculation, 5 
if the future is predictable, it shou 
sooner or later come up with al 
answer. If this is to be any usc at a i 
it must arrive at an answer in em 
than 99 years Suppose it arrives hé 
the answer "Yes," telling us that toe 
fan will be running. Then this very 


answer causes the fan to stop! Boro 
the machine says “No,” then the A 
will keep on running for "s 
hundred. years. So in either case ne 
machine comes up with the sca 
answer, 

I may occur to vou that the trouble 


: h } chine 
in this argument is that the mac! "i 

i alas 
' part of the system studied. But, 


t 
arcs so 
We too are part of the universe i we 
which we make predictions! J thal 
Analyze the situation, we see 


" r 
vi : : > arg 
there is nothing wrong with the 


ment. So at least one of our assump- 
and we see that 
factors 

as- 
laws 


tions must be wrong, 
these correspond to the four 
affecting predictions. First, 
sumed that we somehow have the 
eiie such physical problems. 

laps these laws cannot be made 
comprehensible to us, and hence to 
9 — . Secondly, we assumed 
dati mehow we had all the initial 

s available to us. Per- 
‘Thirdly, we 


we 


necessary 
haps this is beyond us. 
assumed that the machine can carry 
out the necessary calculation, while it 
may be the case that such problems 
Prove Finally, and 


unsolvable to it. 
may be the 


perhaps most simply, it 
case : a i 
ise that it always takes the machine 


more th: 3 
ore than 99 years lo finish the cal- 
the contradic- 


machine sends 
the hundredth 
fan off, but it 
that the fan 


culation, in which case 
tion is removed. The 
SS answer in 
iun. ] lis turns the 
rot alter the fact 
Was still running alter 99 years Any 
one of these factors or all of them 
could make the required prediction 
ee and it would be i 
HH: to determine just 
gts ctual cause. 
i The second topic 
5 50 5 in solving the mathe- 
5 al problems involved in predic- 
K. Gödel proved a most inter- 
85 15 to the effect that no 
05 N nat mathematical methods 
alee f at our disposal, some of the 
l stions we can ask ourselves cannot 
© answered by these methods. This 
does not preclude that with the prog- 
ress of Mathematics a given unsolva- 
ble problem will be solved; however. 
then there. will be new unanswerable 
questions. In other words. the progress 
of Mathematics is an infinite. progress. 
Where at each stage there un- 
answerable questions. 
_ We know that each bot 
in Science is an interprete 


most in- 
which is 


relates specifically 


theorem 


remain 


Iv of theories 
q mathemat 
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ical system of a fairly advanced type. 
Hence it has some unanswerable ques- 
tions in it. What we don't know is 
whether any of these unanswerable 
questions concern predictions. But we 
have no reason to suppose that none 
of them do. It is entirely possible that 
even if we knew exact causal laws ap- 
plying to all types of phenomena, and 
if we had an unlimited supply of data 
would still have to wait for malle 
matical progress ſor certain predic- 
tions. For some reason this possibility 
to have been generally over- 

When we find some Physics 
sume 


we 


seems 
looked. 
problem as yet unanswered, we: 
that it is because no one has yet found 
“rick” to solve it. Actually 
e that this problem needs 
w branch of Mathemat- 


the right 
it is possibl 
an entirely ne 
ics. 

This suggests the interesting pos- 
sibility that, not only must we expect 
an endless advance on the part of the 
scientists, but that this 
go hand in hand with 
ss of the mathemati- 
to mankind. 


theoretical 
progress must 
the endless progre 


cians, if it is to be of use 


Free Will 
the mind-body 


treatment of 
problem 


which ignored the 
would be severely criti- 
ally free to make de- 
is this an illusion? 

arguments that there is 
eof an old anec- 
takes his son to 
full of curiosity 
r the names 
The father 
an't 


Any 
problem 
of free will 
cized. Are we re 
cisions, OT 

The famous 
no free will remind m 
dote. A country hick 
the city 700. His son is 
and keeps asking his fatl 
of these strange animals. 

difficult. time. because he cà 
and so is forc ed to keep guessing. 
about the time that the 
imagination runs out his son spots à 
giraffe. “Dad, what kind of animal is 
that?“ The father thinks, and thinks, 
and stares in more and more amaze- 


Ww 


has a 
read, 
Just 


parent's 
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ment, until he exclaims: "Son, there 
ain’t no such animal!” 

In the last analysis no amount of 
ingenious, involved, and incomprehen- 
sible argumentation will convince any 
of us that we have no choice as to 
whether we use our right or left hand 
to scratch our ear. It is a fact that we 
do make free decisions daily, and the 
role of Science is to explain this fact, 
not to explain it away. 

Then what is the problem? One 
argument is that our will cannot be 
free, since the universe is determined. 
If the future is already determined, 
how can our supposed choice affect 
i? .. . we decided [earlier that. this 
Sort of determinism] is a pseudo- 
problem which arose out of a misun- 
derstanding of the nature of scientific 
laws. We could restate the 
by saying that we cannot have a free 
choice because the Law of Nature says 
what the outcome of our choice will 
be. If it is already "written," then we 
have no real choice. The Law is not 
something binding, but a simple de- 
scription of all events, Past, present, 
and future. Among other things it de- 
scribes how we choose. This is the 
only reason why our decision must be 
in accordance with it. It would be 
just as correct, and perhaps less mis- 
leading, to say that the Law of Nature 
depends on our choice, instead of the 
reverse. 


argument 


. we saw that this pseudo-prob- 
lem of determinism is closely related 
to the very real problem of predicta- 
bility, and this is the more reasonable 
version of the free-will problem. It is 
generally supposed that if a scientist 
knew enough about a person, he could 
predict what the person would do 
under given circumstances. If an out- 
sider can do this, how can we say that 
we had a real choice? How can we 
be free to choose, if the scientist wil] 


tell us ahead of time what we will 
choose? 

First of all, it is highly questionable 
whether human actions are fully pre 
dictable. But this problem we will 
postpone until the following section. 
Let us suppose for the sake of argu- 
ment that our actions are predictable. 
If the scientist making the predictions 
could simply watch us from the out 
side and yet tell us what we are going 
to do, this would be surprising me 
deed. But this is not what is main- 
tained. What is maintained is that T 
the scientist knows all about our phys 
ical make-up and past history, that 15 
if he knows all internal and. external 
factors influencing our decision, he 
will be able to predict the outcome. 1 

As we have seen, in predictions al 
relevant data must be known, besides 
having the necessary theories. So even 
if the materialists are right in suppor 
ing that mental processes can be re 
duced to nerve actions, and even i 
these theories were completely know i 
he would still have to know the oen 
data—external and internal. But 
he would know all the facts that i 
know and would know the machinery 
we use for making decisions Cn a 
ber we are assuming the materia T. 
thesis for the moment, so that ape 
ing our brain means knowing m 
mind), and then it is not at all 5 
Prising that he can predict. 

I know my best friend ver 
and it is entirely possible that ; 
guess his decisions with good accu! 
Does this mean that he had no 
choice? For this I did not even oe 
know all the relevant facts, nor ma 
any far-reaching theories; all I d 
are some good guesses based on I 
experience. After all, what is 4 1880 
tific Prediction but a good guess p? 
on past experience? Looked at „eads 
this point of view the argument r 


y well, 
” j can 
acy’ 
free 


- 

You are not free to make a decision, 
because I can frequently guess what 
You are going to decide," which is 
ridiculous. 

In short we do have free will. The 
only problem is to find out the mecha- 
nism by which we make decisions. This 
is a difficult and important problem 
for the psychologist, but not for the 
Philosopher. 


Are Human Actions Predictable? 


Let us turn to this very interesting 
question. The free-will dispute dis- 
turbs the average college student for 
(wo, reasons. First, he is afraid that 
pum will prove his freedom an il- 
Mein: and secondly, he feels that pre- 
es Saag actions is an inexcusable 

sturbance of his intellectual privacy. 
The former we have seen to be with- 
‘auc but the latter is a real 
i Instead of asking flatly whether our 
Actions are predictable, let us rather 
eg to what extent they are pre 
M Certainly some actions can 
Mn EU Put a steak in front of a 
"s. man, and you will have no 
other E his actions. On the 
dict M we certainly cannot pre 
kino actions, at least not for the 

€ being. 

e here are two fundamentally differ- 
ahent of trying to form theories 
0 A the actions of a given man. 

ne is the behaviorist approach of 
ooking at him from the outside only 
and forming generalizations about the 
Pattern of his behavior. This is cef- 
tainly the easier approach, and more 
fruitful in the short run. The second 
approach is to try to find out the 
internal factors as well, partly by 
studying his body and partly by ques- 
toning him. The latter approach (or 
approaches, if you care to distinguish 
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the neurological and psychoanalytic 
approach to a man's interior) is much 
more time-consuming, leads to greater 
difficulties in forming theories, but is 
generally admitted to be the only hope 
for getting a complete theory. 

As we have seen, there are three 
problems in predicting: getting all 
relevant. facts, forming a complete 
theory, and carrying out the calcula- 
tions (deductions) necessary for pre- 
diction. We have also seen that all of 
these run into serious difficulties even 
before we come to human thinking. 
Here the difficulties are much greater. 
It is practically impossible to get thor- 
ough knowledge of the internal struc- 
ture of a man without killing him. 
He is such a complex machine (if he 
is a machine!) that our theories will 
have to be very complicated, and 
hence will take a very long time to 
discover. Finally, the problems of cal- 
ating results of his decisions are far 
anything we have faced so far. 

Some types of human actions are 
more easily predictable than others. 
There are cases where few facts are 
and simple theories suffice. 
actions classed roughly 
flexes or habits. 


cul 
beyond 


relevant 
These are the 


under the heading of re 
We start with these, and as psychology 


progresses, we can predict more and 
more. There are also differences be- 
tween people in this respect. We say 
that there are “unpredictable” people. 
These are the ones whose habits form 
a pattern too complex for us at the 
moment. There is no doubt that con- 
siderable progress will be made in this 
direction, but when the complexity nt 
the problem is fully understood, there 
seems little chance of the psychologist 
ever being able to interfere seriously 
with our privacy of thinking. 

To summarize: Complete predict- 
ability of events seems out of the 
question even in the inanimate world. 
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Prediction of human actions is per- 
haps the most complex problem facing 
the scientist. In this field we can ex- 
pect only the very slowest progress, 
and we must expect that many types 
of decisions will forever remain out- 
side the scientist’s ability to predict. 
Most important of all, we must re- 
member that we are human beings. 
The very fact that a scientist observes 
us may alter our actions. This is the 


greatest complicating factor for the 
psychologist, and it is also the sim- 
plest way to demonstrate the relation 
between predictions and free will. 
When we predict where a stone will 
fall, we may tell it just what it will 
do, and it will still do it. But tell a 
human being that he will use his 
right hand to scratch his ear, and you 
are likely to find that he uses it in- 
stead to punch you in the nose. 


i issues in which the scientist and 
In the first part of the article he 


looks at the importance of an understanding of conscious experience in 
order to understand the brain function. The basic problem here is the 
one that has been studied for centuries as the mind-body problem. When 
nt that.. conscious mental forces do in fact 
impulse traffic remember what Kemeny 
id laws in general. The same question may be raised 
atement that "it comes down to the issue of who 
tion of causal forces that occupy the 


addresses sever: 


Sperry directly 
t odds. 


the humanist have often been a 


you read Sperry's stateme 
govern and direct the nerve 
had to say about caus: 
in reference to Sperry’s st 
pushes whom around in the popula 
cranium." 

In the central section of the 
tion of free will. He wonders wh 
were completely “free” in the se 


article, Sperry gives his views on the ques- 
at would happen if individual decisions 
nse that they were totally unrelated to 
the individual's previous experience, emotional state, knowledge about 
xd so on. To the extent that each of these factors enters 
k of an organism as having increasingly less "free will." 
1 is to call to our attention how very strange a person 
totally uninfluenced by all of these factors. 


relevant factors, al 
in, we tend to thin 
Sperry's contributior 
would be if he indeed were 
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MIND, BRAIN, AND 


HUMANIST VALUES 


Roger W. Sperry 


Science, Antiscience, and Values 


As a scientist invited to discuss hu- 
manist implications of the brain-be- 
havior sciences, I find myself fecling a 
little like one who has been asked to 
mount the stand in self-defense as the 
accused. As they say back in Grade 
‘Two these days, for every action there 
is an equal and opposing reaction; and 
the recent sharp boom in science has 
not come without a corresponding rise 
in the voices of antiscience. Some of 
the going complaints in this regard are 
no doubt familiar: It is not only that 
science is going to blow us all off the 
globe, or crowd us off with its pro- 
grams for death control, but that even 
the good things resulting from science 
—the sum total of all the better-things- 
for-better-living—have failed, we are 
told, to add substantially to a genuine 
satisfaction in living. And when it 
comes to the more profound humanist 
concerns, the reasons for living and 
the meaning and the value of it all, 
science seems only to take away and 
destroy, they say, and then refuses on 
principle to answer for its actions or 
even to be concerned with matters of 
values. 


Reprinted with permission from New Views 
of the Nature of Man. edited by John R 
Platt, University of Chicago Press, Copyright 
© 1965, pp. 71-92 


To some, even the objective ex- 
planatory progress that science is sup. 
posed to be making toward truth and 
the great central mystery of the uni— 
verse begins to look like merely @ 
handy system of humanoid guesses and 
correlational probabilities with no real 
verification possible. Others liken our 
explanatory progress to the penetra- 
tion of a great maze that gets ever 
bleaker, the innermost chamber of 
which, should it ever be reached, be- 
ing likely to hold exactly nothing ar 
perhaps just the self-reflections of the 
scientists’ own thought processes. Ane 
then, about as fast as our comprehen 
sion and control of nature goes UP: 


" H "n * 1 i e 
antiscience sees man's rating in th 
grand design going down. "S 

Before going on, I had better € 


plain that the reference to values 
above and in the title was not ac™ 
dental, though I well realize that m 
mixing of values and science tends : 
serve as a red flag in some quarter” 
Some of us may already be wondering, 
Since when do scientists presume 1 
carry a license for discussions of e 
ues? Value judgments, we mis A 
heard, lie outside the realm of Seien 
Value matters are for popes Lai 
prophets, for philosophers and P 

haps boy scout and YMCA leaders, 
not for science or scientists. : 
dent of brain and behavior, 


never been quite able to accept this. 
It seems the same as saying that value 
judgments lie outside the realm of 
knowledge and understanding. It is 
like saying that the best method we 
know of applying the human brain to 
problems of understanding must be 
discarded when it comes to problems 


of values, It is like saying that econom- 


ics is riding under false colors in the 
Foundation and 


National Science 
ought to be exposed and expelled. 
And it is like saying that science is 
able to deal only with those phenom- 
ena and products of evolution that ap- 
peared prior to the emergence of 
higher brains, with their wants needs, 
goal-directed properties, and, of 
course, the corresponding value sys 
tems that these impose. 
Values have natural an 
Sins. "They are interdependent and 
interrelated in logical, hierarchical 
systems, These systems, and the per- 
turbations thereof, ought to be subject 
to study and analysis and perhaps pre 
diction and even some experimenta- 
tion on a model basis these days, with 
computer assistance. I have always 
wondered whether rather little harm 
and perhaps much good in the long 
run might not come from opening to 
the free. winds of scientific skepticism 
and inquiry even the most revered of 
our traditional and cultural values. 


d logical ori- 


Humanist Impacts of 
Behavioral Science 


We can now turn to our main ques- 
tion, What have been the major im- 
pacts, from the humanist standpoint, 
of the recent developments in the 
sciences that deal with mind and 
brain? At first glance the record 
achieved by the brain-behavior sci- 
ences during the past half-century 
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must seem to the humanist to read 
less like a list of contributions and 
advancements than like a list of major 
criminal offenses. The accusations that 
antiscience can raise in this area are 
not exactly trivial. For example, be- 
fore science, man had reason to be- 
that he possessed a mind that 
was potent and full of something 
called "consciousness." Our modern 
experimental objective psychology and 
the neurosciences in general would di- 
vest the human brain of this fantasy 
and, in doing so, would dispense not 
only with the conscious mind but with 
most of the other spiritual components 
of human nature, including the im- 
mortal soul. Before science, man used 
to think that he was a spiritually free 
agent, possessing free will. Science tells 
us free will is just an illusion and 
instead, causal determinism. 
Where there used to be purpose and 
meaning in human behavior, science 
now shows us à complex biophysical 
machine with positive and negative 
feedback, composed entirely of mate- 
rial elements, all obeying the inexo- 
rable and universal laws of physics 
and chemistry. Thanks to Freud, with 
some assistance from astrophysics, sci- 
ence can be accused further of having 
deprived the thinking man of his 


Father in heaven, 


along with heaven 
elf. Freud's devastating indictment 
to 


have reduced much 
lized religio 


n to little 
festations of neurosis. 
nd 


lieve 


gives us, 


its 
is said by many 
of man's forma 


more than mani i ; 
his heritage 


an's inner self a 
1 better. Thanks 


have not fared much ; 
o Freud again, man 


to Darwin, and t ; 
now enters this life, not trailing clouds 
of glory, as the poet once had it, but 
trailing instead clouds of jungleism 
and bestiality, full of carnal impulses 
and a predisposition to Oedipal and 
other complexes. The confining veneer 
of our civilization is seen to be super- 
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ficial, and when it rubs thin or cracks, 
the animal within quickly shows 
through. These and related lesser on- 
slaughts on the worth and the mean- 
ing of human nature tend to add up, 
one item reinforcing another, to yield 
a pretty dim over-all picture that is cer- 
tainly not heartening to think about— 
and in science we generally don't 
think about it. Doubt and rejection 
of science by humanist thinkers in 
favor of other roads to truth is not 
hard to understand; and even for the 
scientist himself, the picture drawn 
by science imposes a severe test of his 
credo that it is better to know the 
truth, however ugly, and to live in ac- 
cordance, than to live and die by false 
premises and illusory values, 
But for myself, speaking as a brain 
researcher—and one not too familiar 
with matters ethical and Philosophical 
and hence in a position to speak with 
some conviction—I find myself and my 
hypothetical working model for the 
brain to be in marked disagreement 
with many, if not the majority, of the 
foregoing implications especially and 
with that whole general picture of hu- 
man nature that seems to emerge from 
the currently prevailing objective, ma- 
terialistic approach of the brain-be- 
havior sciences. When the humanist is 
led to favor the implications of mod- 
ern materialism over the older ideal- 
istic values in these and related 
matters, I suspect that he has been 
taken, that science has sold society and 
itself à somewhat questionable bill of 
goods. There is not space here to pre- 
sent the whole story behind. these re- 
marks, and so I will try to concentrate 
selectively on what would seem to be 
the centermost issues, hoping that if 
the central the mate 
rialist undermined the 
resultant crumbling in the upper struc- 
tures will become evident. 


foundation. of 


view can. be 


The Nature of Consciousness: 
The Central Issue 


Most of the disagreements that I 
have referred to revolve around, or 
hinge either directly or indirectly 
upon, a central point of controversy 
that emerges from the following ques- 
tion: Is it possible, in theory or in 
principle, to construct a complete, ob- 
jective explanatory model of brain 
function without including conscious- 
ness in the causal sequence? 

If the prevailing view in neurosci- 
ence is correct, that consciousness and 
mental forces in general can be ig 
nored in our objective explanatory 
model, then we come out with mate- 
rialism and all its implications. On the 
contrary, if it turns out that conscious 
mental forces do in fact govern and 
direct. the nerve-impulse traffic and 
other biochemical and biophysical 
events in the brain and, hence, do 
have to be included as important fea- 
tures in the objective chain of control, 
then we come out at the opposite pole, 
mat mentalism, and with quite a dif- 
ferent and more idealistic set of values 
all down the line, We deal here, © 
course, with the old mind-body dichot- 
omy, the age-old of mind 


problem 
versus matter tual 


the issue of the spiri 
versus the material, on which books 
and books have been written an 
Philosophies have foundered ever since 
Man started to think about his inne! 
world and 


riage” ion to 
to question its relation 
the outer 


"real" world. 


> : : ^ case 

Let us begin by stating the (2 S 
against Consciousness and mind ? 
raised by today’s objective expe" 


mental Psychology, — psychobiologY: 


neurophysiology, and the related di* 
Ciplines. The best way to deal 1 
COnSCiousness or introspective, subje’ 
tive experience in any form, they t° 


us, is to ignore it. Inner feelings and 
thoughts cannot be measured or 
weighed; they cannot be centrifuged 
mU photographed, chromatographed, 
Spectrographed, or otherwise recorded 
or dealt with objectively by any scien- 
tific methodology. As some kind of in- 
trospective, private, inner something, 
accessible only to the one experienc- 
ing individual, they simply must be 
excluded by policy from any scientific 
model or scientific explanation. 
Furthermore, the neuroscientist of 
today feels he has a pretty fair idea 
about the kinds of things that excite 
and fire the nerve cells of the brain. 


G : 
s membrane changes, 10N flow, 
€ ^mi: . 

lemical transmitters, pre- and post- 
Syn! HS 2 . 

YNaptic potentials, sodium pump 


s and the like, may be on his list 
Hob 5 causal influences—but 
the S Creer quam Consciousness, in 
a iud kiye approach, is clearly made 
fog i Wale citizen in the causal pic- 
xe ves relegated to the inferior 
Prius. » an inconsequential by- 
sort of i (b) an epiphenomenon (a 
add 1 des the inside), or most 
ilie sk y, (c) just an inner aspect of 
Gee e material brain process. Scien- 
Elgg s sec the brain as a complex, 
work E ape us communications net- 
other H of nerve impulse traffic and 
ors directed chemical and 
tored. e dist with all elements 
of phy o respectable scientific laws 
the lie É chemistry, physiology, and 
H IKG; but few are ready to tolerate 
an interjection into this causal ma- 
chinery of any mental or conscious 
forces, 

This is the general stance of modern 
behavioral science out of which comes 
today's prevailing objective, mec ha- 
nistic, materialistic, behavioristic, fa- 
talistic, reductionistic view of the 
nature of mind and psyche. This kind 
of thinking is not confined to our 
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laboratories and the classrooms, of 
course. It leaks and spreads, and 
though never officially imposed on the 
societies of the Western world, we 
nevertheless see the pervasive influence 
of creeping materialism everywhere we 
turn. 

Once we have materialism squared 
off against mentalism in this way, I 
think we must all agree that neither 
is going to win the match on the basis 
of direct, factual evidence. The facts 
simply do not go far enough to pro- 
vide the answer, or even to come close. 
Those centermost processes of the 
brain with which consciousness is pre- 
sumably associated are simply not un- 
derstood. They are so far beyond our 
comprehension at present that no one 
] know of has been able even to imag- 
ine their nature. We are speaking here 
of the brain code, the physiological 
language of the cerebral hemispheres. 
There is good reason to believe that 
this language is built of nerve im- 
pulses and related excitatory effects in 
nerve cells and fibers and perhaps also 
in those glia cells that are said to out- 
number the nerve cells in the brain by 
about ten to one. And we would prob- 
ably be safe in the further noncom- 
mittal statement that the brain code 
is built of spatiotemporal patterns of 
excitation. But when it comes to even 
the critical variables in 
these patterns that correlate with the 
variables that we know in inner, con- 
scious experience, we are still hope- 
lessly lost. 

Furthermore, the centr 
directly associated with consciou 
seem to be rather well cushioned on 
both the input and output sides of the 
brain by further zones of physiological 
Our explanatory picture 
ably satis- 
path- 


imagining 


al unknowns 
sness 


unknowns. 
for brain function is reason 
factory for the sensory input 
ways and the distal portion of the 
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motor outflow. But that great be 
tween realm, starting at the stage 
where the incoming excitatory ee 
sages first reach the cortical eue 9 
the brain, still today is very aptly to 
ferred to as the “mysterious black 
= conclude that conscious, mental 
or psychic, forces have no place in 
filling this gap in our explanatory pic- 
ture is at least to go well beyond the 
facts into the realm of intuition. and 
speculation. The objective, materialist 
doctrine of behavioral science, which 
tends to be identified with a rigorous 
scientific approach, is thus seen to rest, 
in fact, on an insupportable mental 
inference that goes far beyond the ob- 
jective evidence and hence is founded 
on the cardinal sin of science, One can 
still find here and there in the 
ture a modicum of some fin 
“last rite,” respect paid to the psyche. 
For example, there is the acceptance 
by Charles Sherrington of the possible 
coexistence of two separate phenome- 
nal realms in the brain, and there is 
the stand of Car] Rogers that man’s 
inner experience must be recognized 
as well as the brain mechanism of ob. 
jective psychology. In the existence of 
two such very different realms, Rogers 
sees a lasting Paradox with which we 
all must learn to live. But even the 
dualists are quite prepared to 80 
along chese days with the conviction 


held by most brain researchers— 
some 99.9 per 


that conscious 


litera- 
al, perhaps 


r as the objective, 


he brain is con- 
cerned. 


An Alternative Mentalist Position 


In the pages that follow, I am going 
to line myself up with the 0.1 per cent 
Or so mentalist minority in a stand 


that admittedly also goes well beyond 
the facts. It is a position, however, 
that seems to me equally strong and 
somewhat more appealing than those 
we have just outlined. In my own hy- 
pothetical brain model, conscious 
awareness does get representation as a 
very real causal agent and rates an 
important place in the causal sequence 
and chain of control in brain events, 
in which it appears as an active, Op- 
erational force. Any model or descrip- 
tion that leaves out conscious forces, 
according to this view, is bound to be 
sadly incomplete and unsatisfactory. 
The conscious mind in this scheme, 
far from being put aside as a by-prod- 
uct, epiphenomenon, or inner aspect, 
is located front and center, directly in 
the midst of the causal interplay of 
cerebral mechanisms. Mind and con- 
sciousness are put in the driver's seat 
as it were: They give the orders, and 
they push and haul around the BIOS 
ology and the physical and chemica 
Processes as much as or more unn 
the latter processes direct them. ris 
scheme is one that puts mind back 
over matter, in a sense, not under O! 
outside or beside it. It is a scheme that 
idealizes ideas and ideals over physical 
and chemical interactions, nerve im- 
pulse traffic, and DNA. It is a brain 
model in which conscious mental psy- 
chic forces are recognized to be He 
crowning achievement of some five 
hundred million years or more of evo- 
lution. 

Now, what is the argument in favor 
of mentalism, the argument that holds 
that ideas and other mental entities 
Push around the physiological and bio- 
chemical events in the brain? The 
argument is simple and goes as mE 
lows: First, it contends that mind anc 
Consciousness are dynamic, emergent 
(pattern or configurational) properties 
of the living brain in action. There are 


usually plenty of “takers” on this first 
point, including even some of the 
tough-minded brain researchers, as, for 
example, the outstanding neuroanato- 
mist, C. J. Herrick. Second, the argu- 
ment goes a critical step farther and 
insists that these emergent properties 
in the brain have causal potency—just 
as they do elsewhere in the universe. 
And there we have the simple answer 
oo age-old enigma of consciousness. 
Vho was it who said, that nothing is 
SO simple as yesterday's solution, noth- 
ung so complicated tomorrow's 
problems? 
T But let us spell out this answer a 
ce further, since this whole subject 
Je at times been a bit complicated. 
5 "xs it very simply, it comes down 
adiit issue of who pushes whom 
fires hn: the population ol causal 
3 faite Tat occupy the cranium. 11 is 
ening r, in other words, of straight- 
Ee Ge the peck-order hierarchy 
"Ther era control agents. 
whole 110 within the cranium a 
what Ragin g of diverse causal forces; 
forces IE. there are forces within 
bic bab iin forces, as in no other cu- 
At the ms = Hive that we know. 
We have ] 8 Iovels in this system, 
Or more ee AN of some sixty 
Interacti ue subnuclear particles 
Within ml with great energy, all 
their Ye is UE and protons of 
chaps amena atomic nuclei. These 
ueh to p do not have very 
RN 18 say about what goes on in 
1€ affairs of the brain. We can pretty 
Well forget them, because they are all 
firmly trapped and kept in line by 
their atomic overseers. The atomic nu- 
clei and associated electrons are also, 
of course, firmly controlled in turn. 
The various atomic elements are 
molecule-bound"—that is, they are 
hauled and pushed around by the 
larger and configurational 


as 


spatial 
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forces of their encompassing mole- 
cules. 

Similarly, the molecules of the brain 
are themselves pretty well bound up 
and ordered around by their respec- 
tive cells and tissues. Along with all of 
their internal atomic and subnuclear 
parts and their neighboring molecular 
partners, the brain molecules are 
obliged to submit to a course of ac- 
tivity in time and space that is very 
largely determined, for the lifetime of 
any given cell, by the over-all dynamic 
and spatial properties of the whole 
cell as an entity. Even the brain cells, 
however, with their long fibers and 
impulse-conducting properties, do not 
very much to say about when 


have 
they are going to fire their messages, 
for example, or in what time pattern 


they will fire them. The firing orders 
for the day come from a higher com- 
mand. 

In other words, the flow and the 
timing of impulse traffic through any 
brain cell, or even a nucleus of cells 
in the brain, are governed largely by 
the over-all encompassing properties 
the whole cerebral circuit system, 
within which the given cells and fibers 
are incorporated, and also by the rela- 
tionship of this circuit system to other 
circuit systems. Further, the dynamic 
properties of the cerebral system as a 
the way in which these 
ern the flow 


of 


whole, and 
properties direct and gov 
of impulse traffic throughout the sys- 
tem—that is, the general circuit proper- 
ties of the whole brain—may undergo 
radical and widespread changes from 
one moment to the next with just the 
flick of a cerebral facilitatory “set.” 
This set is a shifting pattern of central 
excitation that will open or prime one 
group of circuit pathways with its own 
special pattern properties, while at the 
same time closing, repressing, or in- 
hibiting endless other circuit poten- 
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tialities that might otherwise be open 
and available for impulse traffic. These 
changes of "set" are responsible, for 
example, for such things as a shift of 
attention, a turn of thought, a change 
of feeling, or a new insight. To make a 
long story short, if one keeps climbing 
upward in the chain of command 
within the brain, one finds at the very 
top those over-all organizational forces 
and dynamic properties of the large 
patterns of cerebral excitation that are 
correlated with mental states or psy- 
chic activity. And this brings us close 
to the main issue. 

We can take this argument a step 
further by looking at an illustrative 
example of one of these mental enti- 
ties. For simplicity, let us consider an 
elemental sensation. Instead of philos- 
ophy’s old favorite, the color red (the 
philosophic and geographic locus of 
which seems sometimes to be in some 
doubt), let us use another example, 
pain. To be more specific, let us say we 
are talking about pain in the fingers 
and thumb of the left hand, and let us 
pin it down further to pain in the left 
hand of an arm that was amputated 
above the elbow some months pre- 
viously. You will recall that the suffer- 
ing caused by pain localized mentally 
in a phantom limb is no easier to bear 
than that in a limb that is still there. 
It will be easier, however, by using this 
example, for us to infer where our 
conscious awareness does not reside. 

In regard to the pain in a phantom 
limb, my contention is that any groans 
it may elicit from our patient and any 
other response measures or behavioral 
outputs that may be taken to be the 
result of the pain sensation are indeed 
caused not by the biophysics, chemis 
try, or physiology of the cerebral nerve 

but by the pain 
quality, the pain property, per se. This 
brings us, then, to the real 


impulses as such, 


aux of 


the argument. Nerve excitations are 
just as common to pleasure, of course, 
as to pain, and the same is true of any 
other sensation. What is critical is that 
unique patterning of cerebral excita- 
tion that produces pain instead of 
something else. It is the over-all func- 
tional property of this pain pattern as 
a pattern that is critical in the causal 
sequence of brain affairs. This pattern 
has a dynamic entity, the qualitative 
effect of which must be conceived func- 
tionally and operationally and in 
terms of its impact on a living, un- 
anesthesized cerebral system. It is this 
over-all pattern effect in brain dynam- 
ics that is the pain quality of inner 
experience. To try to explain the pain 
pattern or any other mental qualities 
only in terms of the spatiotemporal ar- 
rangement of nerve impulses, without 
reference to the mental properties and 
the mental qualities themselves, would 
be as formidable as trying to describe 
any of the endless variety of complex 
molecular reactions known to bio- 
chemistry wholly in terms of the prop- 
erties of the electron, proton, and neu- 
tron and their subnuclear particles 
plus (and this, of course, is critical) 
their spatiotemporal relationships. BY 
including the spatiotemporal relations: 
such a description becomes feasible in 
theory, probably, but fantastically im- 
practical, Moreover, by the time sci 
ence arrives at a point where it can 
describe the critical details of the im- 
pulse pattern of a mental experience 
in the functional terms and setting 1€ 
quired, it will be describing, in effect, 
the conscious force or property itself. 
When we reach such a point, the con- 
scious force will be recognized as such, 
and we shall be calling it just that 


or at least that is the hypothesis cd 
putting forward. 

— i ce 

Many readers will note my d e 

thoughout this discussion on © 


emergent concepts of T. H. Morgan 
and the corresponding configur ional 
and field concepts of Gestalt psychol- 
ogy. The Gestalt schools of psychology 
and philosophy went wrong only when 
they moved into the brain and tried 
to transfer their pattern properties di- 
rectly from the outside world and 
sensory surfaces into the cerebral cor- 
lex. The central, emergent conscious 
force within the brain, as visualized 
here, is not a simple surrounding en- 


ve > > n 
elope, or volume property, Or any 
di. kind of isomorph.“ as the 
?estalt schools tried to make it. It ts 


rather a functional pattern that has 
lo be worked out in entirely new 
terms, that is, in terms of the func- 
tional circuitry of the brain. in terms 
Of the still unknown brain code. 
7 Above simple pain and other sensa- 
tions in brain dynamics, We find, of 
Course, the more complex but equally 
Potent forces of perception. emotion, 
reason, belief, insight. judgment, cog- 
Nition, and all the rest. In the onward 
flow of conscious brain states, one state 
calling up the next, these are the kinds 
of dynamic entities that call the plays. 
It is exactly these encompassing men: 
tal forces that direct and govern the 
eee traffic, including its 
electrochemical and biophysical as- 
Dects, When trying to visualize mental 
Properties as they have been described, 
is important to keep in mind the 
fact that all of the simpler, more prim- 
itive, electric, atomic, molecular, cellu- 
orces remain 
they all con- 
nas been can- 
level forces 
1 superseded, 
by those 


impulse 


lar, and physiological f 
present, of course, and 

tinue to operate. None I 
celled; but these lower 
and properties have beet 
encompassed, as it were, 

fore es of successively higher organiza- 
tional entities. We must remember in 
Particular that, for the transmission of 
nerve impulses, all of the usual electri- 
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cal, chemical, and physiological laws 
still apply at the level of the cell, the 
fiber, and the synaptic junction. We 
must remember further that proper 
function in the uppermost levels al- 
ways depends on normal operation at 
subsidiary levels. 

Near the apex of this command s 
tem in the brain—to return to more 
humanistic concerns—we find ideas. 
Man over the chimpanzee has ideas 
and ideals. In the brain model pro- 
posed here, the causal potency of an 
idea, or an ideal, becomes just as real 
as that of a molecule, a cell, or a nerve 
impulse. Ideas cause ideas and help 
evolve new ideas. They interact with 
each other and with other mental 
forces in the same brain, in neighbor- 
ing brains, and thanks to global com- 
munication, in lar distant, foreign 
brains. And they also interact with the 
external surroundings to produce in 
toto a burstwise advance in evolution 
that is far beyond anything to hit the 
evolutionary scene yet, including the 


emergence of the living cell. 

In the proposed scheme, the inter- 
play of psychic and mental forces, 
though accessible—like the interior of 
the earth—only indirectly at this date 
becomes, in principle, a proper phe- 
nomenon for scientific investigation. 
Aside from problems of complexity 
and adequate technology, there would 
seem to be no great obstacle in prin- 
ciple to the eventual objective, scien- 
tific treatment of mental phenomena. 
One may see statements in the litera- 
e these days discouraging the hope 
apable of explaining 
its own ideas; the 
argument is that no machine, living or 
otherwise, can logically embody within 
itself a complete description of itself. 
When you r rad such statements, how- 
ever, always underline that word com- 
plete” and then consider the extent of 


tur 
that the mind is ¢ 


itself in terms of 
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the explanatory possibilities that still 
remain even though they fall some- 
what short of complete. Underline also 
that word "itself" and remember that 
this kind of logic does not prevent a 
man's mind from acquiring a com- 
plete description of his neighbor's 
mind or from passing on this descrip- 
tion to other neighbors, excepting 
only the one he has described. 
For an outside, second, brain, how- 
ever, to directly experience the sub- 
jective qualities in an observed brain, 
it would seem to be necessary for the 
detector brain in the observer to be 
coupled in parallel to the emitting 
brain and wired directly into the spe- 
cialized cerebral circuitry involved. 
This does not look very feasible under 
ordinary conditions for the near fu- 
ture. However, we do seem to be 
approaching exactly this situation ex- 
perimentally in recent studies in which 
the brains of cats and monkeys have 
been bisected down the midplane into 
right and left halves. In the surgical 
process, we may leave a few cross-con- 
nections, coupling selected cerebral 
centers between “mind-right” and 
“mind-left.” When the midline discon- 
nection is complete, two separate men- 
talities are the result, which sense, 
perceive, learn, and remember inde- 
pendently. Each half seems to have its 
own realm of conscious awareness, and 
each is apparently as much out of con- 
tact with the inner experience of the 
other as are two brains in separate 
skulls. But when a band of cross- 
connections is left intact, linking, for 
example, the right and left centers for 
vision or those for touch sensibility in 
the hands, the inner, mental, subjec- 
tive experience of the one brain seems 
to become available to the other. 
Something of the kind can also be 
seen in studies of human patients who 
have had a similar surgical disconnec- 


tion of the hemispheres for medical 
or therapeutic purposes and in whom 
cross-connections have been left in- 
tact between the lower brain centers 
involved in emotion and feeling. 
Whereas the cognitive, perceptual, 
mnemonic, and related experiences of 
mind-right in these people seem to be 
entirely out of touch with the corre- 
sponding experiences of mind-left, 
each brain half seems to share the 
emotional experience of the other. 
For example, if an emotion is trig- 
gered through vision by the introduc- 
tion of an unexpected pin-up picture 
of a nude into a sequence of ordinary 
geometric pattern stimuli being pro- 
jected into only one brain half, it is 
quite apparent from the verbal read- 
out through the other half of the 
brain (that is, the one not directly ex- 
cited) that this second hemisphere also 
feels properly embarrassed—or what- 
ever the case may be. The second 
hemisphere, howev er, has no idea why 
it has these inner feelings and is un- 
able to describe their source. 
Looking back from this point, you 
will note that the earlier basic dis- 
tinction or dichotomy between men- 
talism and materialism is resolved in 
this interpretation, and the former 
polar differences with respect to. hu- 
man values, when recast in the present 
scheme, become mainly errors of re- 
ductionism. ‘This may be easily recog 
nized as the old "nothing but” fallacy? 
that is, the tendency, in the present 
case, to reduce mind to nothing but 
brain mec hanism, or thought to noth- 
ing but a flow of nerve impulses. For 
those acquainted with theories 9 
mind, the new twist here, if any, P 
to be found in the attempt to make 
the emergent properties of inner €% 
perience conform to the inner brain 
code, rather than to the outside world 
or subjective impressions or sensor) 


with 


patterns; combined, of course, 
the critical interjection of these men- 
tal qualities into the causal sequence. 
Note that we have not rejected the ob- 
jective approach of science; it is an 
objective explanatory model that we 
are discussing. Our quarrel is not with 
the objective approach but with the 
long accepted demand for exclusion 
of mental forces, psychic properties, 
and conscious qualities-what the 
physicist might class as "higher-order 
effects" or “co-operative effects” — 
from the objective scientific explana- 
tion. 

The present scheme would put mind 
back into the brain of objective sci- 
ence and in a position of top com- 
mand. If correct, it would eliminate 
the old dualistic confusions, the di- 
chotomies and the paradoxes, propos 
ing instead a single unified system 
extending from subnuclear forces near 
the bottom up through ideas at the 
top. As a scientific theory of mind, it 
would provide a long sought unifying 
view on which to base our conception 
of human nature, the kind of view 
Whose lack has recently been deplored 
in leading articles in Science and else- 
where. Moreover, this scheme suggests 
à possible answer not only for the re- 
lation between mind and brain but 
also for that between the outside world 
and its inner cerebral representation, 
another conundrum since the days of 
Plato. When used as a conceptual 
skeleton on which to build a body of 
Philosophy, this theory tends to favor 
somewhat a single "this world” meas- 
uring stick for evaluating man and ex- 
istence. As for the older materialist 
doctrine, one can say, in summary, that 
the denial or downgrading of con- 
scious mental forces in objective ex- 
perimental psychology during the past 
half-century has been tremendously 
valuable and successful as a tactical 
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expedient for a developing science. It 
is hardly a doctrine, however, on which 
to build societal philosophy and cul- 
tural values. 


Free Will 


Let us shift gears at this point and 
consider another outcome of the mind- 
brain sciences that appears to run a 
close second in its threat to cherished 
images of human nature. This human- 
ist "Enemy Number 2" to which I re- 
fer (some would rate it Number 1) is 
the scientific rejection of free will. 
Every advance in the science of be- 
havior, whether it has come from the 
psychiatrist's couch, from microelec- 
trode recording, or from the use of psy- 
chotropic drugs, brain splitting, Skin- 
ner boxes or the electron microscope, 
scems only to reinforce that old sus- 
picion that free will is just an illusion. 
Like most others in brain research, I 
the assumption that every 
free mental choice that I 
lse has ever made must in 
fact have been causally predetermined 
in the preceding brain states and re- 
lated events. This means that any de- 
cision in which any of us has ever 
engaged could not possibly have had 
any other outcome. It means none of 
us, hearing or reading these words, had 
any real chance to be doing anything 
else at this particular moment. It 
means that we are now and always 
have been imprisoned, as it were, in 

3 ard march of causal 
the inexorable onwar 


work on 
apparently 
or anyone € 


determinism. 
Attempts to T 
human brain by recou : 
forms of indeterminacy—-physical log- 
ical, emergent, Or otherwise—have 
failed so far as I can see to do more 
than introduce a bit of unpredictable 
into our comportment that 
ld prefer to be without. 


estore free will to the 
rse to various 


caprice 
most of us wou 
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Neither science nor philosophy T 
able to refute the old admonition 5 
“the moving finger writes; and, having 
writ, moves on." And piety, wit, and 
tears still seem impotent to change 
this situation, I do not feel overly 
comfortable about this kind of think- 
ing any more than anyone else, but 
as yet I have not found any way out 
of it. J 
But before we start drawing gloomy 
humanist deductions from this appar- 
ent inevitability, concluding that 
moral responsibility is thereby re- 
moved or, on the other hand, simply 
rejecting science and determinism on 
emotional grounds, we should bear in 
mind a few additional points. In the 
present scheme, these points add up to 
the conclusion that if we really did 
have freedom of choice we might very 
likely prefer not to have; that is, we 
might well prefer to leave determinism 
in control, exactly as science postu- 
lates. It should be clear by 
in the brain model 
man is provided in ] 
the mental forces 
ability to determine his own actions, 
This scheme thus allows a high de 
of freedom from outside 
as mastery over th 
lecular, and 


now that 
described here, 
arge measure with 
and the mental 


gree 
forces as well 
e inner cellular, mo- 
atomic aspects of brain 
activity, Depending on the state of 
one's will power, the model also 
considerable freedom from lower-level 
natural impulses and even from occa- 
sional thoughts, beliefs, and the like, 
though not, of course, from the whole 
complex. In other words, the kind of 
brain visualized here does indeed give 
man plenty of free will, provided we 
think of free will as self-determin 


allows 


ation. 
To a very real and large extent, a 
person does determine with his own 
mind what he is going to do from 
among a large number of possibilities, 


This does not mean, however, that he 


is free from the forces of his own de- 
cision-making machinery. In particu- 
lar, what this present model does not 
do is to free a person from the com- 
bined effects of his own thoughts, his 
own reasoning, his own feeling, his 
own beliefs, ideals, and hopes, moe 
does it free him from his inherited 
makeup or his lifetime memories. All 
these and more, inc luding, yes, uncon- 
scious desires, exert in the brain their 
due causal influence upon any mental 
decision, and the combined resultant 
determines the inevitable but self- 
determined and highly special and 
highly personal outcome. We thus 
come back to the question, Do we 
really want free will, in the sense of 
gaining freedom from our own minds, 
from our own selves, and hence, from 
everything most precious that makes 
us us? 

There is a bit more to the story of 
how one may “learn to stop worrying 
about freedom and come to love de- 
terminism,” but it boils down to the 
Old saying, “If you can't lick ‘em, 
join em.“ Or as Confucius might 
have said, “If fate inevitable, relax 
and enjoy.” Or to put it more directly, 
“There may be worse fates than causal 
determinism,” Maybe after all it is 
better to be imbedded firmly in the 
causal flow of cosmic forces, as an in- 
legral part thereof, than to be on the 
loose and out of contact. with these 
lorces—free-floating as it were—with 
behavioral possibilities that have no 
antecedent cause and hence no reason 
or any reliability when ii comes tO 
future plans, predictions, or promises: 
| suspect, in fact, that if you were 1 
signed the task of trying to design anc 
anil the perfect free-will model (let 
"S say the perfect all-wise decision- 
making machine to top all compel 
lors’ decisionmaking machines), it 15 
possible that you might decide that 


your aim should not be so much to 
free the machinery from causal con- 
tact as the opposite: that is, to try to 
incorporate into your model the po- 
tential value of universal causal con- 
tact—in other words, contact with all 
related information in proper propor- 
tion, past, present, and future. 

In any case, it is clear that 
human brain has come a long way 
in evolution in exactly this direction 
when you consider the amount and 
the kind of causal factors that this 
multidimensional, intracranial vortex 
draws into itself, scans, and brings to 
bear on the process of turning out 
one of its pre-ordained decisions. Po- 
tentially included, thanks to memory, 
are the events and collected wisdom 
of most of a human lifetime. We can 
also include, potentially, given a trip 
to the library, the accumulated knowl- 
edge of all recorded history. And we 
must add to all the foregoing. thanks 
to reason and logic, much of the fu- 
ture forecast and predictive value ex- 
tractable for all this data. Maybe the 
total falls a bit short of universal 
causal contact, maybe it’s not quite UP 
to the kind of thing that evolution has 
going for it over on Galaxy Nine, and 
Maybe, in spite of all, any decision 
that comes out is still predetermined. 
Nevertheless, it still represents a very 
long jump in the direction of freedom 
from the primeval slime mold, the Ju- 
Tassic sand dollar, or even the latest 
1965 model Orangutan.! 

We may note in passing that on the 
debit side of the ledger there is little 
in our proposed model for conscious- 


the 


1 This paragraph and the preceding one 
are taken almost verbatim from an carlier 
article, Problems Outstanding in the Evol 
tion of Brain Function: James Arthur Ler- 
ture of the Evolution of the Human Brain 
(New York: American. Museum. of Natural 
History, 1964). 
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ness to bolster one's hopes either for 
extrasensory perception or for post- 
mortem perception. Similarly, pre-par- 
tum perception in the embryo may be 
presumed not to amount to much until 
after the requisite cerebral machinery 
for conscious awareness has begun to 
attain functional maturity in the later 
months of fetal life and in subsequent 
postnatal development. 


Plasticity of Human Nature and 
Inheritance of Behavior Traits 


Finally, in connection with devel- 
opment, I must mention briefly certain 
other advances in the brain-behavior 
sciences that have resulted in impor- 
tant revisions during the past two 
decades in our general conception of 
human nature. These advances have 
concerned the extent to which be- 
havior traits can be inherited and the 
extent to which human nature is 
plastic and subject to shaping by ex- 
perience and environment. 

Through most of the first part of 
this and up until about 
twenty years ago, the view prevailed 
that the brain gets its start in fetal 
life as an essentially equipotential net- 
work, functionally unstructured, a 
blank slate, as it were, which is then 
adually channelized from early fetal 
movements onward by functional trial 
practice, conditioning, 
learning, and experience. The objec- 
tive. materialist movement in psy- 
which was established first in 
Russia, largely under the influence of 
Pavlov, and. which appeared soon af- 
terward in this country, pioneered by 
Watson, under the name “behavior- 
ism," has been identified almost as 
much with the promotion and idolatry 
of the conditioned response as it has 
the demotion and vilification of 
In this doctrine the 


century 


gi 


and error, 


chology, 


with 
consciousness. 
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mind, or psyche, was believed to de- 
; ‘ adually out of a life-long 
ew 17 0 eccessive conditioned-reflex 
chain of peram ing i the infant 
associations, starting in ions, like 
from a few elementary reactions, e 
love and hate, fear and anger. a i 
whole idea of the genetic inheritance 
of behavior patterns was forcibly re- 
nounced, until the term Instinct” be- 
came highly discredited in profes- 
sional circles, its defamation almost 
equalling that of consciousness. In 
those days, the embryonic growth of 
brain pathways was believed to be by 
nature non-selective and diffuse, and 
the establishment of precise fiber con- 
nections was held to be unimport 
anyway for orderly function, 
nerve connections, once laid 
were thought to be 
radical and wholesale rearrangement 
by surgery, injury, and regeneration 
without disrupting orderly function. 
In the scientific thinking of those 
times, the brain was endowed with an 
almost mysteriously omnipotent plas- 
ticity and readaptation capacity. In 
general, science seemed to be telling 
us through the twenties and thirties 
and into the early forties that the hu- 
man brain and human nature as well 
were extreme in their malleability, It 
seemed at that time à scientifically 
sound conclusion that it would be 
possible, by means of an appropriate 
program of training and environ- 
mental conditioning, to shape human 
Nature, and hence society, within wide 
limits into a desired mold. 
Much of the basic sc ientific think- 
ing and evidence behind this view 
has since suffered a Series of severe 
upsets, leading to a current stand that 
is almost diametrically 9pposed to the 
earlier doctrines. Instead. of a loose, 
universal plasticity in brain hookups, 
we now see a basic 
diagram, characteristic 


ant 

The 
down, 
able to undergo 


built-in wiring 
of the species 


and functionally rather rigid. Tee 
of diffuse, non-selective growth o 
nerve connections in brain PR 
ment, we now see a very precise ipe 
highly ordered patterning of ud 
fiber pathways and connections, m 
strictly preregulated by specific penere 
effects and cytochemical affinities. 
Where there used to be an gata 
denunciation of the whole concept iy 
“instinct,” we now accept the idea 
that an entire evolutionary tree Tan 
be worked out on the basis of api 
ited behavior patterns, just as it 3 
be worked out on the basis of 1155 
Phological or scrological traits. EA 
conditioned response, along wit 
other forms of learning, continues ds 
be recognized, of course, as a highly 
powerful modeling influence, 8 0 
cially in man, but only within limits 
much narrower than previously sup 
posed, 98 
Within the specialized fields of 15 
entific inquiry involved here, j is 
pendulum of opinion continues at 75 
date to swing in the direction of i 
heritance. How far it will go can ve 
be guessed, It is still too soon for ad 
implications to have fully permeate? 
even the neighboring scientific mse 
Plines. What implications nes 
changes in the basic brain nen 
sciences may have, if any, e 
distant problems in the social science 
will take much longer to dug 
The latter, of course, will have to m 
worked out in their own right ind » 
their own level, In any case, it wou” 
seem that the evidence available today 
says that we should renounce, rote 
with other aspects of the behaviors , 
materialist approach discussed above: 
the old Pavlovian-Watsonian condi 
Uoned-reflex theory of the psyche, 
with its radical environmentalism 
that used to tell us that literally 9 
Per cent of human nature and mind 


is a product of experience and train- 
ing. 

¢ Our re-examination of the material- 
Ist doctrine in psychology could be ex- 
tended much further into matters far 
removed from those in which brain 
researchers feel at all comfortable. Let 
me only remind my readers that the 
peck-order of causal entities does not 
Stop within the individual brain but 
goes on up into higher levels involving 
Society and culture, various subentities 
BE which must be properly credited 
with many of man's most remarkable 
and fantastic achievements. 


Reference to society brings, of 
course, the pressing reminder that any 
nature 


attempt to upgrade human 
through a more idealistic conception 
of mind is bound these days to be 
overwhelmingly counte ted by the 
cold laws of mathematics and the dev- 
astating downgrading effect of surplus 
numbers on the worth of the indi- 
vidual. We do not need the third 
law of psychodynamics to tell us that 
the optimum carrying capacity of our 
globe is perhaps already exceeded 
from the standpoint of quality, dig- 
nity, meaning, and value for the hu- 
man individual. When we look at the 
rising threat posed by the effects of 
human surplus and its by-products on 
the hard-won and painstaking achieve- 
ments of eons of evolution, we are in- 
clined to forget our little ideological 
skirmish with materialism, along with 
most of the human betterment efforts 
of our times, as just another losing 
battle in the face of mounting hu- 
manity—effort down the drain, until 
some higher force in our mental hier- 
archy than natural impulse can be 
brought to bear. 

When it comes to the future out- 
look and an attempt to make predic- 
tions regarding the future of man, 
behavioral science is hampered by a 


MIND, BRAIN, AND HUMANIST VALUES 119 


technical difficulty, in that once the 
prediction is published and man be- 
comes acquainted with what he is sup- 
posed to do, he is in a position to 
take the prediction into account and 
is apt to be just perverse enough to do 
the reverse. Keeping this in mind, we 
can forecast that our generation and 
future generations need not really 
worry about surplus numbers, or who 
will outbreed whom, or any of the 
other problems we have touched on 
above, because these and related mat- 
ters promise to be settled shortly in 
that final fatal flare of fission fire- 
works. 

But to return to the central con- 
cern of this essay—the impact of creep- 
ing materialism in the brain-behavior 
sciences—we can say in summary that 
it is possible to see today an objective, 
explanatory model of brain function 
that neither contradicts nor degrades 
but rather affirms age-old humanist 
values, ideals, and meaning in human 
endeavor. The noble, free, or heroic, 
the exalted or sublime, qualities—or 
the opposite, for that is how meanings 
arise—that the humanist formerly 
thought he could see in man and his 
activities are present in our model, 
much as history and common experi- 
ence have always shown. Finally, for 
those who like to receive a take-home 
lesson, that of the foregoing is simple 
for scientist and humanist alike: 
Never underestimate the power of an 


ideal. 
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this common conviction, on the one 
hand with essentially meehamuig 
views of the workings of our bcd 
and the universe, or on the other wit ; 
predestinarian views of human history 
and destiny. If any standpoint yd 
from which all I do can be seen as 
part of a single, coherent and deter- 
minate structure in space-time, then 
surely my sense of freedom in facing 
a decision, no matter who shares it, 
must- be dismissed as an illusion, re- 
flecting only my ignorance of the true 
facts at the time? 

In view of Eddington's long preoc- 
cupation with the deepest implica- 
tions of physical theory, it is not sur- 
prising to find recurrent references to 
this ancient dilemma in his philo- 
sophical writings. 'In the old conflict 
between freewill and predestination’, 
he wrote in his famous Gifford Lec- 
tures of 1927, ‘it has seemed hitherto 
that physics comes down heavily on 
the side of predestination. Without 
making extravagant claims for the 
scope of natural law, its moral sym. 
pathy has been with the view that 
whatever the future may bring forth 


is already foretold in the configura- 
tions of the past: 


‘Yea, the first Morning 
wrote 

What the Last 
shall read’ 


of Creation 


Dawn of Reckoning 


'l am not so rash', 
to invade Scotland w. 
a problem which 


he went on, ‘as 
ith a solution of 


has rent her from 
the synod to the cottage’; but he did 


Proceed, then and later, 
with characteristic v 
ination the possibili 
he saw it, by the 
what 


to explore 
igour and imag- 
ties left Open, as 
advent in physics of 
became known as Heisenberg’s 
Principle of Uncertainty, or, as Ed- 


dington preferred to call it, the pun 
ciple of Indeterminacy. “The future is 
a combination of the causal influences 
of the past together with unpredict- 
able elements—unpredictable not. 
merely because it is impracticable to 
obtain the data of prediction, but be- 
cause no data connected causally Win 
our experience exist. SCIENCE» 
he continued, ‘thereby withdraws its 
moral opposition to freewill. ! é 

In his Tarner Lectures eleven a 
later (1938) Eddington was careful n 
reject the inference that freedom o 
will amounted only to the operation 
of chance factors in the brain. On aS 
contrary, he argued ingeniously for a 
theory of volition as imposing correla 
tions on the atomic motions left e 
determined by physical theory, so 515 
although physically | unpredictab 1 
they could be both law-abiding 8175 
significant in their mola 
scale.? 


effects on a 


2. A Prior Question 


But the details of 
Ory of ‘conscious + tcize 
felt competent to expound or critici 
them, are not here our main concern. 
Asa Physicist 
brain research 
Mitted to 


0 n 785 
Eddington's " 
matter’, even ! 


who is now engaged 85 
, l am peacefully — 
the working assumption 
that brain-processes should be m 
Pected to follow normal phy A 
laws’, like any other part of the s 
terial Universe, unii] proved to y 
otherwise. The question I wish t 
indercuts the debate 
on found himself e 
although I am M 
5 side against those Y 
man freewill, I believe tha 


raise in a sense i 
in which Eddingt 
Saged, for 
cally on hi 
debunk hur 


H r$ 
the fallacy in their argument 19 5 
5 : ; n- 
a step farther back—a step which i 
deed 


x B E st 
Eddington himself, like mo 
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disputants in this field, seems to have 
been prepared to take for granted. 
How cogent, in fact, is the initial 
assumption that a fully mechanistic 
theory of our brain-processes would 
prove our actions inevitable, and our 
freedom an illusion? 

At the outset, I want to shake loose 
from a whole family of arguments 
based on the limits of our power to 
observe the brain and to make pre- 
ue from what we observe. These 
imits are real enough, and relevant 
enough to many a dispute over what 
is likely to be possible in practice by 
Way of the prediction and control of 
human action; but I suggest that they 
are both inadequate and unnecessary 
as bulwarks against the attack on hu- 
D freedom that concerns us here. 
"eee as we shall sec. a defence 
ee limits of this kind can be 
RN misleading, by deflecting 
ques gn from the logical error that 

elieve vitiates the original attack. 
11 7 85 ee Qui ideas I suggest 
cave ie uo with the most extreme 
follow n ask ourselves what would 
Were okt sg bina en brain theory 
Aan I beyond the wildest 
bed M E apy of my colleagues in 
o a fully deter- 
Dmm saa Suppose that all the 
bin . int of the workings of your 
975 anh be made available, with- 

sturbing it, to a computer sys- 
tem capable of predicting its future 
behaviour from these facts and the 
environmental forces acting on your 
Nervous system. Suppose, in other 
words, that your brain were as me- 
chanical as clockwork, and as acces 
sible to deterministic analysis. What 
then? 

I propose to argue th 
even with this wildly 
Heisenberg conception of 


at even then— 
idealized pre- 
a physically 
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determinate brain—the denial of hu- 
man freedom in general would be not 
only unfounded but demonstrably 
mistaken. Lest this seem too much to 
swallow, let me say that the mistake 
in question results from neglecting a 
small factor which in almost every 
other context can safely be neglected: 
namely, the change that must take 
place in the physical brain (according 
to mechanistic brain theory itself) 
when knowledge is acquired by a hu- 
man agent. The conclusions to which 
we are led by taking account of this 
factor are I think inescapable, and de- 
mand no equipment other than me- 
ticulous patience; but once grasped 
y are far-reaching in their implica- 


the 
tions. 


3. The Costs of Human Knowledge 


Let us begin by reminding ourselves 
that in science, as in every intellectual 
enterprise, the ultimate object is to 
reach valid beliefs. We may be 
tempted to equate this with the enun- 
ciation of true propositions; but here, 
for reasons which will become ap- 
parent, the temptation. must be re- 
sisted. Particularly when the scientific 
is turned upon the process 
a itself, we can no longer 
afford to confuse the validity of be- 
lief with the truth of propositions; for 
if a proposition happens to describe, 
implicitly or explicitly, the brain- 
state which reflects what you believe, 
its accuracy may depend upon whether 
or not you believe it. 

Here we come to the core of our 
later discussion. We are familiar— 
thanks in no small measure to the 
popular writing of Eddington—with 
the general idea that scientific knowl- 
edge has certain irreducible physical 
costs. The process of observation in 


spotlight 
of cerebratior 
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fact has three stages, in which informa- 
tion is respectively (i) generated; Gi) 
transmitted, and finally (iii) absorbed. 
At each we have to pay for our ka 
formation by accepting limitations 
which are often negligible, but may 
assume crucial importance in special 
cases. 


(i) Our information about the physi- 
cal world is generated only at the cost 
of interaction, between some ‘probe 
and what we are observing 


The amount of interaction js not 
reducible without limit, but must ex- 
ceed a quantum (defined by Planck's 
Constant h) which is no longer negli- 
gible when the process under ob. 
servation is itself one of small-scale 
quantum exchange. Hence follows 
(eventually) the Heisenberg 
according to which no obsery 
yield a picture which is 
pletely precise and com 
date; the more inform 


Principle, 
"ation can 
both com- 
pletely up to 
ation we gen. 


erate, the more unpredictably dis- 
turbed we leave the system by our 
observations. 


(i) Information takes 


lime 
transmitted to us 


to be 


The time required is not reducible 
without limit, but must exceed 
terval x/c, where x is the dist 
be traversed, and ¢ 
light. This intery 
ligible when the 
vation involves velocities comp 
with that of light. Hence 
(eventually) Einstein's Special Rela. 
tivity Principle, whereby 
servers moving with different velocities 
must in general differ in some of their 
conclusions if both are observing a 
curatels neither can claim to 

possess the ‘one true picture’, 


an in- 
ance to 
is the velocity of 
al is no longer neg- 
process under obser- 
arable 
follows 


two ob- 


and 


4. Logical Indeterminacy 


But the cost to which I want to 
draw attention arises, as one conse- 
quence of the mechanistic brain-theory 
itself, at the third stage. 


Gii) Information can be iier 
Only at the cost of changes in the 
brain yes 
The amount of physical change 15 
quired is not reducible without den 
lor if we suppose that what a eae 
believes is rigorously represented "7 
the state of what we may call his pd 
nitive mechanism, then discrete, 8 
negligible changes in what he ios TA 
must entail discrete, non-negligib 
changes in that state. " 
It follows that even if the brain vues 
as mechanical as clockwork, no ent 
pletely detailed present or nu 
description Of à man's brain can i. 
equally accurate whether the man ate 
lieves it or not. (a) It may be accur? it 
before he believes it, and then ut 
would automatically be rendered e 
of date by the brain-changes produc be 
by his believing it; or (b) it might in- 
possible to arrange that the e it 
changes Þroduced by his Beli e 
would bring his brain into the ape 
it describes, in which case it must he 
inaccurate unless he believes 115 5 it 
would not be in error to disbelieve le- 
In cither case, then, the epi 
scription lacks the ‘take it or leave 0 
character of scientific descriptions ce 
the rest of the physical world, sin n 
its validity | a 
whether the n 
it! True, any 


depends precisely 
subject takes it or le b- 
number of detached ah, 
servers could predict whether the pe 
ject will "take it’ or ‘leave it’; bi p? 
prediction. in turn, though valid 
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the observers in detachment, would 
lack any ‘take it or leave it’ validity 
for the subject. It would still be true 
that for such brain-states, and future 
events causally dependent upon them, 
no universally valid (pre)determina- 
lion exists: no complete and certain 
prediction waits undiscovered upon 
which the subject and his observers 
would be correct to agree. 

Notice that we are not saying only 
that the subject cannot make or dis- 
cover a prediction of his future brain- 
States, but that there exists no defini- 
tive prediction that could claim his 
assent. There is thus no question here 
of ‘ignorance of the truth’ on the sub- 
ject's part, nor are we concerned with 
what he subjectively feels about the 
future event. What we are saying is 
that as a matter of objective fact, 
whatever he feels about it, the event 
in question is one about which for him 
no definitive information yet exists. 

: It would be nonsensical, and not 
just ineffectual, for him to ‘wish he 
knew' what form the event would 
take; for on that matter there is noth- 
ing final for him to know. Even 
though the whole physical process 
concerned were as mechanical as clock- 
work, his special relation to it makes 
an observer's view for him not just un- 
knowable but logically invalid and in- 
conclusive. For him, strange as it may 
seem, the only logically admissible 
view is that this particular future 
€vent is as yet indeterminate. 

The foregoing ‘non-existence the- 
orem’ I have elsewhere? called. the 
Principle of Logical Indeterminacy— 
perhaps not the best name for it, but 
designed to distinguish it from the 
Principle of Physical Indeterminacy 
enunciated by Heisenberg. It applies, 
as we have seen, even ina physically 
determinate universe: but the admis- 


sion of physical indeterminacy to our 
postulated brain theory would clearly 
do nothing to diminish its force. 


5. People in Dialogue 


It is easy to see that this logical in- 
determinacy must apply not only to 
present or future processes in the sub- 
ject’s own brain and their causal con- 
sequences, but also to those in the 
brains of other people with whom he 
is in dialogue, or with whom dialogue 
is possible.“ From a physical point of 
view, the two-way interaction between 
people in dialogue (as distinct. from 
purely manipulative monologue) in- 
troduces a coupling between the phys- 
ical states of their cognitive mecha- 
nisms. They thus become effectively 
one system for purposes of mechanis- 
tic analysis, so that to this joint cog- 
nitive system, no matter how many 
are involved, the foregoing ar- 
gument again applies. No party to a 
dialogue can logically regard any of 
the others as a fully determinate sys- 
tem. We are not merely saying that 
nobody in dialogue should or ought to 
nor that it is impractical to do 
ontrary to the mech- 
anistic brain theory itself. In this 
technical sense, people in dialogue 
are irreducibly mysterious to one an- 
other as well as to themselves. 

Here—if not before—someone may 
trick. We have claimed to 
be working out some consequences of 
the most crassly mechanistic view of 
the brain, as à clockwork mechanism 
within a clockwork universe. How on 
earth have we moved from such a 
starting point to talking of people as 
irreducibly indeterminate and myste- 
rious to one another? Something, 
surely, has been surreptitiously im- 
ported along the way? 


people 


do so, 
so, but that it is C 


suspect a 
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And of course something dolum 
has been imported, though not sur 
5 dis is is the assumption 
reptitiously. This is ( ee 
made by the mechanist PE e 
that what a man believes and t Ree 
is rigorously reflected in the state 
of his brain. It is this very 5 
tion—one that to many antimecha- 
nists has appeared as a deadly chats 
lenge—which generates the peculiar 
logical consequences. HK amounts to 
postulating that certain parts of the 
domain of physical science—namely, 
the brains of cognitive subjects— 
have the task of representing that 
domain of discourse itself. Since sen- 
tences that talk about themselves 
are notoriously treacherous in logic, 
we need not be surprised that we have 
to accept some indeterminacy—some 
lack of complete detail-in any de- 
scription of brain machinery 
must be self-consistently represent 
by that same brain machinery.“ 
No, the root of mystery in our 
analysis is the brute fact of cognition 
itself. Deny that the individuals un- 
der discussion are cognitive 
and the question of what they would 
be correct to believe disappears. The 
whole physical domain of discourse 
would thus become fully specifiable 
in theory—but then, of course, we 
would no longer be talking about hu- 
man beings like ourselves, and about 
what our brain science allows us to 
believe, which was the original pur- 
pose of our discussion. In a sense, then, 


that 
able 


subjects, 


* The basic logical point here has been 
cogently argued in connection with the limi- 
tations of predictors by Sir Karl Popper, in a 
well-known paper on Indeterminism in Clas. 
sical and Quantum Physics? where he shows 
that for this reason. no computing machine, 
however 'deterministic in its workings, could 
be used to calculate its own future in every 
detail. 


all we have been doing here is to spell 
out some implications of the myste- 
rious but empirically undeniable cor- 
relation between our conscious ex- 


perience and what goes on inside our 
heads. 


6. Freedom of Action 


Let us now see how what we call a 
free choice appears in the light of our 
discussion. Suppose you have to de- 
cide at 7 p.m. whether to leave for the 
7.15 p.m. train, or to wait for a later 
one. This means that just before. m 
p.m. there are two possible descrip- 
tions of the future event at 7 p.m 
either (G) you decide to go, or (IV) 
you decide to wait. Until 7 p.m. you 
contemplate G and W as undeter- 
mined alternatives. At 7 p.m. you de- 
cide to go, thus making description 
G true and W false; and you act freely 
as far as you can tell. But next day @ 
Determinist calls with a ciné film of 
data taken from your brain before 7 
p.m., from which he can prove that 
the outcome was calculable in advance 
to be G. Does this evidence retrospec- 
tively refute your belief that your aC 
tion was free? 

If "free" were defined to mean un- 
predictable by anyone,’ then of course 
in that sense your belief would be 
falsified. | suggest, however, that this 
definition, though true perhaps of the 
‘freedom’ of caprice, begs too many 
questions to be adopted uncritically 


T ; s actions 
for the ‘freedom’ of responsible actio! 
Indeed on further 


analysis it seems to 
put the emphasis in quite the wrong 
place. An action might be rendered 
totally unpredictable by some random 
physical disturbance of your neural 
mechanism; but, as Eddington amons 
others pointed out, this could well be 
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held to diminish rather than enhance 
your responsibility for it. Conversely, 
some of your most responsible actions 
may be highly predictable by people 
who know you well, without any ex- 
amination of your brain. Continuity 
in the mental processes leading up to 
a decision is not merely permissible 
but positively desirable if you are to 
be regarded as responsible. Ideally, in- 
deed, most of us like to be able to con- 
firm our responsible decisions by go- 
ing over the ground more than once, 
to see whether we come to the same 
conclusion.? If, however, before you 
made up your mind, there existed a 
determinate and unique specification 
of the outcome which could command 
the assent of everyone, including your- 
self, whether you knew it or not or 
liked it or not, then the case would 
be different. Here we would have to 
aay that the outcome was not only pre- 
dictable by others, but also inevitable 
by you, and you could not be held to 
dave acted ‘freely’. 

Io call an action ‘free’ in th 
is therefore to deny the existence of 
any determinate specification that is 
dinding on (valid and definitive for) 
everyone, including the agent, before 
16 makes up his mind. It is this kind 
Of freedom that I suggest underlies 
human responsibility. 1 hope to show 
that the argument we have been fol- 
Owing not only establishes the free- 
dom of normal human choices in this 
sense, but also offers a mechanistic 
criterion of diminished responsibility 
in abnormal conditions, especially in 
mental disease. 


is sense 


7. What Mechanistic Brain Theory 
Does Not (and Cannot) Imply 


two situations (i) be- 


Consider the 
and the 


fore 7 p.m. and (ii) at 7 P-m« 


ACTION IN 
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possibilities (a) and (b) discussed 
Foes, b br len ANM. ut 

Y, E specifies that 
you will take the decision at (and not 
before) 7 p.m. to go for your train, 
then clearly you must be wrong to 
believe it as certain and inevitable 
beforehand, since believing it as cer- 
tain and inevitable would amount to 
deciding the outcome before 7 p.m.— 
which would refute the prediction! 
Before 7 p.m., since we are assuming 
that what you believe is rigorously 
represented by the state of your brain, 
your brain is in a state of type (a), 
and its future state at 7 p.m. cannot 
be fully defined in any way that could 


be believed by you without self-falsifi- 


cation. 

At7 p.m. on the other hand, you 
are ready to decide. It is no longer 
self-contradictory for you to accept 
either G or IV; but you feel (indeed 
you might claim to know) that. both 
are open to you. The crucial question 
is whether our mechanistic brain the- 
ory implies that you are mistaken. As 
we might by now expect, it does not. 
Your situation at 7 p.m. fits precisely 
the case we labelled (b), where there 
exists a definitive description that can 
be believed by you without self-fal- 
sification—but it is one that could also 
be rejected by you without any incon- 
sistency, because it will be correct 
only if you accept it. It has no ‘take 
it or leave it’ inevitability for you, 
even on mechanistic assumptions. All 
ynistic theory can do is 
subjective feeling that 
G or W is genuinely 
which de- 


that our mech: 
to confirm your 


your choice of 
an event 


undetermined: 
cognitive attitude, as 


pends on your 
distinct from the myriad other bodily 
happenings (for example in your di- 


gestive system) which are unaffected 
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by your attitude to — ann in that 
sense outwit your control. — 
Case (b), in fact, can be ge = 
ized. With a given initial state; m ; 
same mechanistic assumptions, rure 
may exist not just one pus a n 
range of potential iranian sai s 
any one of which would rab EA 
rect if accepted by the subject 3 wit 
a mechanistic point of view, this wi 
happen whenever, given this Ln 
ance, the equation of state has severa 
self-consistent solutions. From the 
standpoint of the subject, it means 
that a corresponding range of options 
are all really open to him, so that there 
is no one outcome which he would be 
correct to regard as the only possible 
one. It would be equally consistent 
with mechanistic theory to accept 


any 
one of them as describing his imme- 
diate action, and whichever he accepts 


will in fact determine the action. 

So, coming back to our imaginary 
Determinist and his ciné film, we reach 
the following conclusions: (1) His 
evidence proves that he Was correct, 
and indeed bound by mechanistic 
considerations, to expect you to choose 
G, but (2) it does not retrospectively 
prove that you were mistaken before- 
hand in believing Your action to be 
undetermined, because (3) though his 
prediction is demonstrably 
him, you would have bee 
in believing it before you 
your mind. Moreover, (4) 
came to make up your mind 
the different possibilities you contem- 
plated were still demonstrably open 
to you on his mechanistic assump- 
tions; so that (5) even if you were 
disposed to deny that. you were free 
to choose between them, his mecha- 
nistic evidence could in principle 
demonstrate the reality and extent of 
your freedom. 


binding on 
n mistaken 
made up 
when you 
at 7 p.m., 


8. Diminished Responsibility 


As I have already hinted, the last 
point (5) has a double implication. 
The logical indeterminacy of a choice 
for the chooser is demonstrable on the 
assumption that the process determin- 
ing its outcome is causally linked, m 
the embarrassing way we have dis- 
cussed, to his cognitive process. It fol- 
lows conversely, however, that where 
disease, brain damage, force majeure 
or the like override, reduce or abolish 
the normal causal coupling between 
the cognitive mechanism and n 
choosing process, the indeterminacy o 
the choice for the agent is correspond- 
ingly reduced or abolished, and so is 
his freedom to have it otherwise. . 

The amount of this reduction scems 
to offer a possible (and much-needed) 
objective criterion of diminished re- 
sponsibility? In court especially. the 
impression seems widespread today 
that if a mechanistic explanation gan 
be found for anyone's action, he E 
automatically to be excused responsi- 
bility for it. If à criminal, he must be 
judged ‘sick, not guilty’. " 

The fallacy should now be appar- 
ent. Even when a detached observer 
can predict an action with a ee 
certainty, this does nothing of itsel 
to prove that the agent had no free 
dom to do otherwise. The key Quer’ 
tion to be asked of the forensic kr 
scientist is not whether the action hat 
4 physical Cause, 
mitted of a * 
tion, which 
upon) the 
or 


but whether it ad- 
take it or leave it’ predic- 
was valid for (binding 
agent, whether he knew !t 
not or liked it or not. | am noe 
Suggesting that this would always be 
an easy question to answer; but at 
least (if I am right) it directs our ge 
tention towards the relevant evidence: 
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What we should seek to discover from 
Our psychiatric examination is how 
far the causal connection between the 
agents cognitive mechanism and the 
action in question was deficient at 
the time in question. The weaker the 
coupling, the more binding the pre- 
diction on the agent, and the less his 
responsibility. 

Of course, our present brain science 
does not come within miles of the ac- 
curacy necessary for such a task; but 
since itis already being invoked, crude 
as it is, we need all the more urgently 
to clarify the principles on which it 
could be asked to estimate criminal 
or any other responsibility. To diag- 
Nose a prisoner as neurotic, or to dis- 
Cover gross defects in his upbringing, 
may be highly relevant to the choice 
as appropriate sentences but it 
nothing of itself to justify deny- 
imper: responsibility as a human 
"ud — right to be held to ac- 

or his actions.* 


9. Logical Relativity 


one a succession of surprising 
lifiva] sonet it is high time for some 
Dites stocktaking. We grant that the 
right minist with the ciné film was 
fore in believing his prediction be- 
you made up your mind; yet 
ree have been wrong to believe 
dena deterministic brain science had 
nothing final to tell you—no predic- 
Uon waited undiscovered—that could 
rightly have taken the place of your 
belief that you were taking a free and 
undetermined choice. Surely some- 

thing is wrong here? 
I have, of course, a vested interest 


I have made usc 
ticle contributed 
in Science 


In the foregoing section 
Of some passages from an ar 
to a series on "Ihe Human Brain’ 
Journal, May 1967, shortly to be published 
by Iliffe in book form. 
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in denying that there is any flaw in 
the logic of our argument; but I think 
it is possible to find something wrong 
in our underlying habits of thought 
which may fully explain our mental 
discomfort. This is the common pre- 
supposition, normally so taken for 
granted as to pass unnoticed, that if 
anyone is right in believing something 
then everyone would be right in be- 
lieving it. A major test of whether 
a man believes rightly, we feel, is 
whether other people would be right 
to share his belief. This is closely re- 
lated to the idea that whatever is 
rightly believed (by anyone) can al- 
ways be expressed in propositions 
which are 'true for all if true for one’. 
The very idea that two people may 
have to differ in what they believe, in 
order that both may believe rightly, 
seems self-contradictory. 

But once dragged into the light of 
is this presupposition at all de- 
an absolute rule? To be 
sure it works well and self-consistently 
over a wide domain of public dis- 

excluding human agents. 
al relativity theory has cast à 
e restricted. field, 


day, 
fensible as 


course 
Physic 
shadow over it in on 
but common sense may feel this as too 
remote to be radically upsetting. Ap- 
such as the nursery 
and you're Mary' 
Mary', 


parent exceptions, 
argument ‘I’m John 
No. you're John and I'm 
are easily disposed of by saying that 
each party is making the same asser- 
tion, though expressing it in appro- 
priately different conventional terms. 
Even a statement like 'John is mis- 
taken in thinking P', although John 
himself could not believe it without 
making it out of date, can be dealt 
with by translating it as ‘P is false, 
at this moment John believes p. 
without self-contradiction 
at is asserted here, though 


and 
John can 
accept wh 
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oxpress it only in the past 
E Pieza we might een tg 
5 ; str ] rationa E 
ur ay ee Pues if what 
cusson wl t to believe is not always 
3 what Mary or anyone 
c is right to believe. ; 8 

start with the last poi 
us 1955 s Is well, and the al- 
i lly it sounds 118 
need ight seem to be chaos. But 
55 is not so. Suppose that 
e sys Beet is about John's future 
7 Then, as we have seen, part 
S evidence includes the proviso 
m Tobe will not know or believe the 
evidence before the time in enn 
Before the event, comparing notes for 
agreement is not only impracticable 
but self-vitiating; and after the event, 
although John may accept all of 
Mary’s data, he will be unable to 
derive from them a definitive belief 
which he would have been corre 
hold before the event.* 

Chaos? Not a bit of it. On the con- 
trary, from Mary's view of the situa- 
tion it should be possible for us 
infer rigorously what John would 1 
correct to believe. This be 
correct for John must diff 
from Mary’s, in what it affirms as well 
as in the way it is expressed; but the 
crucial point is that Corresponding to 
the belief which is valid-for-M 
one belief is valid-for-John 
versa.t In that sense, the two 
plementary correlates.§ Thou 
sarily different, 


ct to 


to 
De 
lief that is 
er radically 


ary only 
and vice 
are com 
gh neces. 
they are not contradic- 

* Notice here the contrast with the Case of 
‘John is mistaken in thinking pt. 

T This is not meant to preclude t 
bility that the same mental State 
represented by different Physical 
tions at an atomic or cellular level; 
level used for Mary me 
these would he 


he possi- 
Might he 
configura 
but at the 
chanistic expl 


anation 
equivalent, 


tory but mutually confirmatory gs 5 
lieved by John and Mary respecume 
The obvious name for this principle. 
that two individuals may have to ES 
lieve. differently in order that each 
may believe rightly, would scem to x 
the Principle of Logical Relativit À 
but we must guard against any sugges- 
tion of arbitrariness that this name 
might convey. As we have seen, John 
is not free to believe anything he likes, 
no matter what Mary believes. More: 
over, objectivity is reaffirmed when WB 
realize that John and Mary can wies 
(in retrospect) that each was en 
believing what he or she did, and 
appeal to the same recorded mun 
order to reach this common mind. 3 
Notice, however, the change lues 
Phasis. If we want to retain pueden 
(as surely we must) then what par is 
be settled between John and Mary 155 
not the objective truth of peut 
expressing their respective regni 
the objectively demonstrable Desa 
ness of John's-believing and n 
bclieving. This, after all, is surely de- 
real object of every argument: to isti- 
cide whether or not people are JU 
fied in believing what they do. is by 
That we can often achieve this 


à propo 
debating the abstract truth of F the 
sitions need 


not surprise us: n odi 
vast bulk of typical logical ie pom 
concerns matters safely remote ant's 
the danger area of the dart inan 
OWN Cognitive process. But our ae the 
success must not allow us to forge nor 
restrictions that make it possible, ing 
blind us to wh arch 
to do. 

for tru 


at we are really ae 
We tend to think of the nt 
th as by definition the binding 
to discover true propositions, PT bE 
on all. It May require conside alize 
ged mental effort to Te 


; this 
: : selves tl 
nection with oursel’ 


that in con 
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definition is inapplicable, its goal il- 
lusory. About ourselves the whole 
truth is not expressible in any sin- 
gle definitive proposition (however 
lengthy) that all would be correct to 
believe. If we feel committed in hon- 
esty to search for the ultimate truth 
about ourselves as well as about the 
world around us, we must be clear that 
our goal is not some vast description 
at present hidden from us. Whatever 
else ‘ultimate truth’ means, it cannot 
mean that. 

It should perhaps be emphasized, 
however, that there is no question 
here of abandoning traditional logical 
reasoning, On the contrary, it is stand- 
ard propositional logic that we have 
used to establish the conclusion that 
not all valid believing consists in the 
acceptance of universally valid propo- 
Sitions. We are advocating no substi- 
tute for propositional logic, but only 
a recognition that propositions must 
in general be examined for their 
standpoint if the logical process is to 
be completed self-consistently, and 
that universal agreement is possible in 
Principle only about the rightness or 
wrongness of people's believing. To 
the question what John would be 
right to believe about his future action 
there can be a single answer which is 
true no matter who believes it. But 
to the question what form John's fu- 
ture action will take there is no single 
answer which is true no matter who 


believes it. 
10. Brain-Talk and Mind-Talk 


This suggests that we had better 
take a closer look at the relation we 
have assumed between the observers 
view and the agent's view of personal 
action. We have spoken of our mythi— 
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cal Determinist producing a ciné film 
which proved that he could predict 
your decision before you made it. 
Strictly, however, we should have been 
more careful. What he predicted was, 
of course, the state of your brain. All 
his data were observations of the 
physical state of your nervous system 
and its physical environment. 

Now we have granted for the sake 
of argument the assumption that what 
a man believes, sees, feels or thinks is 
rigorously represented by the state of 
his brain, so that someone who ‘knew 
the code’ could ‘read off what goes 
on in his mind from the state of his 
brain. (In practice, of course, this is 
ludicrously beyond the bounds of pos- 
sibility, but that is beside the present 
point.) We have thus granted our De- 
terminist the power to predict your 
account of your decision and its mo- 
tives. Corresponding to your personal 
account (if truthful) he would have a 
corroborative mechanical account of 
your brain-processes. 

The crucial point, however, is that 
although these two stories, one in 
‘brain-talk’ and the other in 'mind- 
talk’, are correlates of one another, 
are not translations of one an- 
any more than a physicist's 
. e electrical currents 
in a telephone line is a translation 
of what the speaker is saying. The 
speaker for example may be complain- 
ing that the weather is wet. This state- 
ment can be translated into dozens of 
other languages and sound quite dif- 
ferent in each; but in all of them what 
is asserted will be the same; namely, 
something about the weather. The 
physicist, on the other hand, may also 
use English or a dozen other languages 
for his description; in all of them 
it is asserted will be the same; but 


they 
other, 
description of th 


wha 
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it will be about the currents in the 
line, not about the weather, even 
though someone who knows the code 
may read off the one from the other. 

Similarly when the Determinist 
produces his story about your brain, 
and you produce yours about your 
decision, it would be a philosophical 
blunder to imagine that his story 
could be a translation of yours. In- 
deed, as we have seen, this is so far 
from being the case that it is possible 
for his story to be deterministic where 
yours is indeterministic, without mu- 
tual contradiction (indeed with mu- 
tual corroboration). Although both 
relate in a sense to the same events, 
they are not making assertions about 
the same aspects of them. 

The importance of this emerges 
when we ask in what terms you and 
the Determinist can reach agreement 
in retrospect. If we were to slip into 
treating his story as a translation of 
yours, it would seem impossible for 
him to grant that you were free with- 
out denying (by ‘translation’) that he 
could predict the state of your brain. 
Once we realize that the two stories 
are not translations but correlates 
this dilemma can be seen a ; 
sequitur it is. It would equ 
no sense for you to claim, conversely, 
that your brain is ‘free’ because you 
are. It is not brains, but people, who 
are (or are not) free. In all discussions 
of this sort, we must scrupulously 
distinguish the concepts of brain-ma- 
chinery from those appropriate to 
conscious experience, and avoid care- 
less mixing of the two.“ 


s the non 
ally make 


II. Predestination 


Finally, to tiptoe in where Edding- 
ton feared to tread, let us ask how our 
general thesis would fare if we were 


to substitute for physical determinism 
the theological doctrine of Divine 
Predestination. Frequently attributed 
to Calvin and the Presbyterians, this 
doctrine is in fact explicit in many 
passages of the Old and New Testa- 
ments, particularly the Epistles of 
Peter and Paul,! 1 where God, as 
Creator of our whole space-time order, 
is declared to be sovereign over every 
event in it, as a potter over his clay, 
Or (to use Dorothy Suyers's well- 
known simile) as a human novclist 
over the history he conjures into be- 
ing. 12 

Surely, it may be said, God’s knowl- 
edge of us provides an absolute frame 
of reference which abolishes the log- 
ical relativity we considered earlier? 
True, God is not declared to be a 
quasi-physical agent among other 
agencies of the created world, but 
rather the still more sovereign Con- 
ceiver of our whole past, present and 
future history, ‘in Whom we (with the 
whole created order) live and move 
and have our being’. Yet surely then 
before we make up our minds, there 
exists a true description of our deci- 
sion which God already knows, and 
which proves our sense of freedom to 
be an illusion based on ignorance of 
the truth? à 

It may help our thinking if we look 
first at the logical relation between the 
predestined course’ of a human novel, 
and what the people in the story 
would have been correct to. believe. 
The human author is sovereign over 
the whole of their created history» 
Which for him is one coherent spatio- 
tempora] fact. No event appears in it 
that he has not ordained, and we can 
share his complete knowledge of every 
decision made by his creatures. This 
does not mean that we know in ad 
vance an event still in the future for 
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us, nor are the events over which 


the author is sovereign ahead of him 
In (his) time; so for us and him the 
prefix 'fore- in such terms as 'fore- 
known’ and 'forcordained' would be 
Inappropriate. All events in the syn- 
thetic history, from beginning to end, 
are for us not prospects but data. 

Suppose now that we ask what the 
people in the story would be correct 
to believe about the events in their 
future, John, let us suppose, makes up 
his mind to ask Mary rather than 
Jane to marry him. Mary eventually 
decides to turn him down. Can we 
Say that before either of these de- 
cisions was taken, the outcomes were 
already foreordained and therefore in- 
evitable for John and Mary? Can we 
Say that Mary was not really free to 
make up her mind, and that she was 
forced by her author to reject. John? 

Fortified by our carlier discussions, 
we can easily see that no such conclu- 
ions need follow. No doubt the au- 
thor could write a story in which the 
characters were mindless puppets, but 
this is not our story. If John and Mary 
have been conceived by their author 
as normal human people, then their 
decisions will depend upon their cog- 
nitive processes in just the way we 
have already analysed, with the same 
logical consequences. Not even the 
author himself can produce a predic- 
ton of the outcome which John and 
Mary would be correct to accept as in- 
evitable before they make up their 
minds; for no such prediction exists. 
On such matters our ‘predestinarian’ 
knowledge generates nothing defini- 
tive for them to know until they make 
up their minds—and then of course 
they know the outcome without our 
help! 

On the other hand, if ask 
whether John and Mary could be cor- 


we 
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rect in retrospect to acknowledge the 
sovereignty of their author over their 
history, the answer seems to be yes. 
They are no more logically precluded 
from doing so than you were from 
accepting the Determinist’s ciné film 
in retrospect. It may be impossible 
for them to acquire this knowledge; 
but the point is that in retrospect it 
would be valid (though mysterious) 
knowledge for them if they did have 
it. Moreover, they could most natu- 
rally express it by the use of the prefix 
'fore- and speak of their author's hav- 
ing ‘foreknown’ and ‘foreordained’ 
what nevertheless they themselves 
freely determined. 

So their author's creative sover- 
eignty and ‘fore-knowledge’, complete 
though it is, does not imply that while 
they are making up their minds there 
exists a secret prediction of their de- 
cision, already known to their author, 
which they would be correct to believe 
as certain whether they liked it or not, 
and which thus proves the outcome 
to be inevitable for them; nor are they 
forced by their author to make the 
decisions they do, nor is their respon- 
sibility for them in any way reduced. 
But it does imply that although their 
author may be unknowable by them, 
they owe their whole existence and 
that of their world to him, since he 
decrees every fact of their history— 
including the fact that they themselves 
are free agents. 


12. God as Agent 


In so far as the parallel holds be- 
tween human and Divine authorship, 
the foregoing analysis may help to 
draw the fatalistic sting commonly 
felt in the theological doctrine of pre- 
destination; but we may still feel that 
if God is our sovereign Author, we 
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cannot be held really responsible—at 
least not by Him. Moreover, as far as 
our illustration carries us, it might 
suggest that God must be as unknow- 
able for us as a human novelist is for 
his characters. 

This is not the occasion for a trea- 
tise on the deepest mystery of Chris- 
tian theology, even if I were capable 
of it; but our story illustration is im- 
perfect at a key point. The significant 
thing about the Author of our exist- 
ence, according to Biblical theism, is 
that He has made Himself also an 
agent within His creation. He ad- 
dresses men, lays claims upon them, 
offers them forgiveness and friendship, 
holds them responsible for their at- 
titude towards Him and what He has 
revealed of His will. In short, He is 
declared to be a participant in dia- 
logue with us, as well as our Creator. 

This, of course, makes all the differ- 
ence. Dialogue, as we have seen, is a 
relationship in which the parties neces- 
sarily know one another as undeter- 
mined agents. If then our Creator has 
chosen to offer Himself to us in that 
relationship, even He must know us 
as free and responsible beings. So in 
any discussion of the relationship be- 
tween ourselves and God, we must 
sharply distinguish between what 
may be logically applicable to ‘God- 
in-dialogue' and to ‘God-in-eternity’ 
respectively, just as we would have to 
do if we were speaking of a human 
author who had created a history in 
which he himself was one of the char- 
acters. This distinction has some sug- 
gestive resemblances to that which 
Christian theology maintains between 
the different ‘Persons’ of the Godhead: 
but for the present let me only re- 
emphasize the fact out of which it 
arises. Logically, we can depend for 
our existence upon the ‘creative’ will 


of God-in-eternity, and still be answer- 
able for our response as free beings to 
the ‘normative’ will of God-in-dia- 
logue. Whatever our attitude to the 
twin doctrines of divine sovereignty 
and human responsibility, no logical 
antithesis can be sustained between 
them in their Biblical form. 


13. Freedom to Choose vs. 
Freedom to Change 


Perhaps at this stage in our long 
journey someone may wonder whether 
we have not proved too much. The 
normal choices of normal human 
agents, we have shown, are free; but 
surely from time to time we all know 
too well the feeling expressed by the 
Apostle Paul: 


‘The good that I would I do not: 
but the evil which I would not, that I 
do." 


Are we ever really free? E 

What we have in mind in asking 
this, I think, is not so much the free- 
dom to opt for what we want, as the 
freedom to want what we ought, at 
the right time. It is a question of free- 
dom to change rather than freedom 
to choose; of freedom to become dif- 
ferent from what we are, and. perhaps 
more like what in our better moments 
we want to be.9. 13 

It is indeed true to both Christian 
teaching and common experience that 
in this latter sense our freedom “ 
severely limited: but this conflicts with 
nothing in our earlier analysis. en 
the contrary, if we apply our standa "s 
criterion and ask how closely a man 5 
Cognitive process is coupled with his 
various fundamental attitudes auc 
desires, the answer in each case wil 
indicate how far he can be considerec 


rd 
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free to change them.* The ‘coupling’ 
here will obviously depend on his de- 
tailed knowledge of how to go about 
his purpose. In the concert hall, a 
sneeze which would otherwise be in- 
evitable may cease to be so if you re- 
member that it can be inhibited by 
pressing upwards under the nose; if 
you are free to do this, you are free 
not to sneeze. If you have almost suc- 
ceeded in breaking the smoking habit, 
but suspect that in the company of 
smokers you will find the urge rein- 
forced, your freedom to abstain may 
in part be determined by your free- 
dom to choose your company. 

In a theological context the same 
Principle applies. The Bible (not just 
John Calvin) explicitly asserts that by 
nature we have a bias to sin and are 
not free to make ourselves good rather 
than evil; but it goes on to declare that 
because means are freely available 
(God offers His own power) to make 
us different, we can reasonably be 
held responsible for lingering in our 
natural condition. Here once again 
Our criterion of freedom accords with 
What theology and Christian experi- 
ence mutually affirm.!3 


14. Mechanism in Perspective 


It will, I hope, be abundantly clear 
that in this whole discussion I have 
had no intention of urging a belief 
in mechanistic determinism, or even 
in computer models of the brain. My 
aim has rather been to loosen up a 


* In other words, our freedom here is lim- 
ited by the options that are open to us, not 
by our power to choose between those that 
are open. It is not the physical determinate- 
Dess of our brains, but their detailed organ- 
ization, that frustrates our desires. 
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knotted skein of improperly linked 
questions in order that each may be 
disentangled and considered on its 
merits. I suggest in particular that the 
question whether all human brain ac- 
tivity has a mechanistic explanation is 
one we can peacefully leave open for 
future investigation, no matter how 
high a view we take of man's power 
of decision and its moral and religious 
significance. A complete mechanistic 
explanation of the brain would not 
eliminate our freedom, and those who 
urge mechanistic behaviourism so as 
to abolish moral and spiritual catego- 
ries seem to be pursuing an illusion. 

Since we started from mechanistic 
considerations, we have talked much 
of cognitive mechanisms, and the logi- 
cal indeterminacy of their states for 
the agent and those in dialogue with 
him; but the logical argument could 
equally have been sustained at the psy- 
chological rather than the physical 
level, with the same result. It is cer- 
tainly not necessary to postulate a 
mechanistic brain theory in order to 
demonstrate human freedom! Our aim 
has been to show that it is equally un- 


necessary for that purpose to repu- 


diate it. 
People may of course define freedom 


in different ways, and it is open to 
anyone to say that an action 1s not 
‘free’, in his sense, if even one de- 
tached observer could predict it. To 
him I think we should say that if all 
he wants is some prediction which the 
observer in isolation would be right 
to believe but the agent would be mis- 
taken to accept as inevitable, and 
which is not binding even on the ob- 
server if dialogue is possible with the 
agent—then he is welcome to it. Such 
a prediction has no logical cash-value 
in any context in which responsibility 
is assessed. We might of course add 
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that in real life thermodynamic and 
quantum fluctuations are likely to rob 
him of his prize even before he sets up 
his measuring equipment, the data he 
needs are likely to be perverted by the 
disturbance of the brain required to 
measure them, and the complexity of 
the calculations may well exceed the 
computing capacity of the universe; 
but if he is at all a realist he may 
have capitulated before that point. 
To sum up, I am suggesting that 
fears of mechanistic explanations of 
brain function are groundless, not be- 
cause we can be sure that the brain 
is not a machine, but because even if 
it were, the whole constellation of 
claims regarding our inner nature 
and significance and destiny expressed 
in our moral tradition and the Chris- 
tian religion would remain unaffected. 
It is not people, but brains, that may, 
or may not, be machines. It is not 
brains, but people, that choose, freely 
or otherwise, and in so doing 


N deter- 
mine their eternal destiny. 
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PART THREE 


a collection of articles focusing 
vior. Turing’s paper raises the 
ink?” and then tries to 
able one. Tinbergen 
about how to find 
ies: the bee-hunter, 


This rather large part consists of 
on the organization of thinking and beha 
Passion-provoking question, “Can a computer th 
change that question into an empirically answer 
looks at one particular bit of knowledge—knowledge 
the case of one very simple spec 


one’s way home, in 
are concerned in 


bhilanthus. The remaining articles one way or another 
with the usefulness of the now traditional stimulus-response connection 
For some kinds of behavior, such a telephone switch- 
lus, like a tap on the cheek, 


response, like an eye-blink, oc- 


theory of behavior. 
board theory seems reasonable. A stimu 


impinges on an organism. As a result, a 
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curs. Could it be argued that all behavior is made up of simple con- 
nections between elementary stimuli and elementary responses? Before 
reading the following articles you should take a icones to ponder 
this question. Do you think that much of your behavior and past learn- 
ing can be described as stimulus-response connections? Can all of it be so 
expressed? If not, what kind of model seems morc 0 


In this exciting article, Turing takes a hard look at the question 
Before you read further in this introduction, or 
read the article, we urge you to stop for a moment and make some notes 
on how you would go about answering this question. Put differently, 
Turing is asking, "What is the essential difference between men and 
machines, if any?" It has often been assumed that men think and ma- 
chines don't. Turing tries to analyze what, if anything, might be meant 
by such a statement. 

Suppose we were to bring a child of ten years to you and say, "Here is 
a fine young lad who is healthy in every respect and quite able to get 
about in the world. He has only one major drawback: he cannot think. 
He is able to talk and to listen but we have been able to find absolutely 
no evidence of any thinking processes. We would like you to examine this 
child and sec if you can confirm or refute this extreme diagnosis." In 
order to check our ludicrous proposition that this child was unable to 
think, you would probably carry out an extended dialogue with him ask- 
ing a variety of questions and listening carefully to his answers. If the 
answers were suitable (although that label is hard to define), you would 
surely question our assertion that this child is unthinking and try to con- 
vince us of the error of our ways. As you shall see, Turing would like to 


bring such a child to you but, instead of being a ten-year-old lad, he is 
est which Turing proposes in this article is now com- 
and has been a source of continued 


Can machines think?" 


a computer. The t 
monly referred to as 


and rich speculation ever sinc 3 
As a student of psychology, you will probably be interested in the dis- 


tinction that Turing draws between emotional and unemotional learn- 
ing. This dichotomy corresponds. rather closely to the separation in 
experimental psychology between operant Or reinforced learning and 
cognitive or purely informational learning. 

At one point in his article T 
hypothesized ability of certain people to be 
to move in various fashions. For example, a gam 


“Turing’s Test,“ 
e it was first suggested. 


to psychokinesis. This is the 
able to cause distant objects 
bler with psychokinetic 


"uring refers 
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powers is able to control the outcome of coin tossing, dice rolling, or 
roulette games. Psychokinesis is obviously of substantial advantage in 
such enterprises and a power most of us wish we possessed! 


COMPUTING MACHINERY 


AND INTELLIGENCE 


A. M. Turing 


1. The Imitation Game 


I propose to consider the question, 
“Can machines think?” This should 
begin with definitions of the meaning 
of the terms "machine" and "think." 
The definitions might be framed so as 
to reflect so far as possible the normal 
use of the words, but this attitude is 
dangerous. If the meaning of the 
words “machine” and “think” are to 
be found by examining how they are 
commonly used it is difficult to escape 
the conclusion that the meaning and 
the answer to the question, "Can ma- 
chines think?" is to be sought in a sta- 
tistical survey such as a Gallup poll. 
But this is absurd. Instead of attempt- 
ing such a definition I shall replace 
the question. by another, which is 
closely related to it and is expressed 
in relatively unambiguous words. 

The new form of the problem can 
be described in terms of a game which 
we call the "imitation game." It is 
played with three people, a man (A), 
a woman (B), and an interrogator (C) 


Reprinted with permission from "Computing 
Machinery and Intelligence" by A. M. Turing, 
Mind, 7950, 59, pp. 433-60 


who may be of either sex. The inter- 
rogator stays in a room apart from the 
other two. The object of the game for 
the interrogator is to determine which 
of the other two is the man and which 
is the woman. He knows them by 
labels X and Y, and at the end of Pus 
game he says either "X is A and Y is B 

or "X is B and Y is A.” The interro 
gator is allowed to put questions to 
A and B thus: 

C: Will X please tell me the length 
of his or her hair? 

Now suppose X is actually A, then 
A must answer. It is A's object in 
the game to try and cause C to make 
the wrong identification. His answer 
might therefore be: 

“My hair is shingled, and the 
longest strands are about nine inches 
long." 

In order that tones of voice mas“ 
not help the interrogator the answers 
should be written, or better still, isl 
written. The ideal arrangement 15 us 
have a teleprinter communicating a 
tween the two rooms. Alternative 7 
the questions and answers can be T€ 
peated by an intermediary. The e 
ject of the game for the third pla 


may 
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(B) is to help the interrogator. The 
best strategy for her is probably to 
give truthful answers. She can add 
such things as "I am the woman, 
don't listen to him!" to her answers, 
but it will avail nothing as the man 
can make similar remarks. 

We now ask the question, "What 
will happen when a machine takes 
the part of A in this game?" Will the 
interrogator decide wrongly as often 
when the game is played like this as 
he does when the game is played be- 
tween a man and a woman? These 
questions replace our original, “Can 
machines think?” 


2. Critique of the New Problem 


As well as asking, “What is the 
answer to this new form of the ques- 
tion?” one may ask, “Is this new ques- 
ton a worthy one to investigate?” 
This latter question we investigate 
without further ado, thereby cutting 
short an infinite regress. 

The new problem ! 
tage of drawing a fairly sharp line 
between the physical and the intellec- 
tual capacities of a man. No engineer 
or chemist claims to be able to pro- 
duce a material which is indistin- 
guishable from the human skin. It is 
possible that at some time this might 
be done, but even supposing this in- 
vention available we should feel there 
was little point in trying to make a 
"thinking machine" more human by 
dressing it up in such artificial flesh. 
The form in which we have set the 
problem reflects this fact in the con- 
dition which prevents the interro- 
gator from seeing or touching the 
other competitors, or hearing their 
voices. Some other advantages of the 
proposed criterion may be shown UP 
by specimen questions and answers. 
Thus: 


the advan- 
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Q: Please write me a sonnet on the sub- 
ject of the Forth Bridge. 

A: Count me out on this one. I never 

could write poetry. 

Add 34957 to 70764. 


(Pause about 30 seconds and then give 


25 © 


as answer 105621. 
Do you play chess? 

A: Yes. 

Q: I have K at my Kl, 
pieces. You have only K at K6 and 
Rat RI. It is your move. What do you 


and no other 


play? 
A: (After a pause of 15 seconds) R-R8 


mate. 


The question and answer method 
seems to be suitable for introducing 
almost any one of the fields of human 
endeavour that we wish to include. 
We do not wish to penalise the ma- 
chine for its inability to shine in 
beauty competitions, nor to penalise 
a man for losing in a race against an 
The conditions of our 
eame make these disabilities irrele- 
ant. The "witnesses" can brag, if 
they consider it advisable, as much 
as they please about their charms, 
strength or heroism, but the interro- 
gator cannot demand practical dem- 


onstrations. 

The game may perh 
on the ground that 
weighted too heavily against the ma- 
chine. If the man were to try and 
pretend to be the machine he would 
clearly make a very poor showing. He 
would be given away at once by slow- 
ness and inaccuracy in arithmetic. 
May not machines carry out some- 
thing which ought to be described as 
thinking but which is very different 
from what a man does? This objection 
is a very strong one, but at least we 
can say that if, nevertheless, a ma- 


aeroplane. 


ips be criticised 
the odds are 
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chine can be constructed to play the 
imitation game satisfactorily, we need 
not be troubled by this objection. 

It might be urged that when play- 
ing the “imitation game the best 
strategy for the machine may possibly 
be something other than imitation of 
the behaviour of a man. This may be, 
but I think it is unlikely that there is 
any great effect of this kind. In any 
case there is no intention to investi- 
gate here the theory of the game, 
and it will be assumed that the best 
strategy is to try to provide answers 
that would naturally be given by a 
man. 


3. The Machines Concerned 
in the Game 


The question which we put in 8I 
will not be quite definite until we 
have specified what we mean by the 
word "machine." It is natural that we 
should wish to permit every kind of 
engineering technique to be used 
our machines. We also wish to allow 
the possibility that an engineer or 
team of engineers may construct 
machine which works, 
manner of operation cannot be satis- 
factorily described by its constructors 
because they have applied a method 
which is largely experimental. Finally, 
we wish to exclude from the machines 
men born in the usual manner. It is 
difficult to frame the definitions so as 
to satisfy these three conditions. One 
might for instance insist that the 
of engineers should be 
but this would not re 
tory, for it is probably 
a complete individual from a single 
cell of the skin (say) of 


aman. To do 
so would be a feat of biological tech. 
nique deserving of the very highest 
praise, be inclined 


“construc ting 


in 


a 
but whose 


team 
all of one sex, 
ally be satisfac. 
possible to rear 


but we would not 
to regard it as a case of * 


a thinking machine.” This prompts 
us to abandon the requirement that 
every kind of technique should be per- 
mitted. We are the more ready to do 
so in view of the fact that the present 
interest in "thinking machines" has 
been aroused by a particular kind at 
machine, usually called an “electronic 
computer” or “digital computer.” Fol- 
lowing this suggestion we only permit 
digital computers to take part in our 
game. : 

This restriction appears at first sight 
to be a very drastic one. I shall at: 
tempt to show that it is not so in 
reality. To do this necessitates a short 
account of the nature and properties 
of these computers. ; 

It may also be said that this identi- 
fication of machines with digital com 
puters, like our criterion for lagen 
ing," will only be unsatisfactory ! 
(contrary to my belief), it turns out 
that. digital computers are unable tO 
give a good showing in the game. f 

There are already a number 2 
digital computers. in working order, 
and it may be asked, "Why not ty 
the experiment straight IM AN 
would be easy to satisfy the conditions 
of the game. A number of interro- 
Bators could be used, and statistics 
compiled to show how often the right 
identification was given.” The short 
answer we are not gs 
whether all digital computers would 
do well in the game nor whether x 
computers at present available wou 5 
do well, but whether there are 5 
nable computers which would pe 
well. But this is only the short answer. 
We shall sec this question in a differ 
ent light later, 


away? It 


is that 


4. Digital Computers 


EA y 2 PNE ers 
The idea behind digital einn 
may be explained by saying that the: 
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machines are intended to carry out 
any operations which could be done 
by a human computer. The human 
computer is supposed to be following 
fixed rules; he has no authority to 
deviate from them in any detail. We 
May suppose that these rules are sup- 
plied in a book, which is altered 
Whenever he is put on to a new job. 
He has also an unlimited supply of 
paper on which he does his calcula- 
tions. He may also do his multipli- 
cations and additions on a "desk 
machine," but this is not important. 
If we use the above explanation as 
à definition we shall be in danger of 
circularity of argument. We avoid this 
by giving an outline of the means by 
which the desired effect is achieved. & 
digital computer can usually be re- 
garded as consisting of three parts: 


(i) Store. 
(ii) Executive unit. 
(iii) Control. 


The store is a store of information, 
and corresponds to the human com- 
puter's paper, whether this is the 
Paper on which he does his calcula- 
tions or that on which his book of 
rules is printed. In so far as the hu- 
man computer does calculations in his 
head a part of the store will corre- 
spond to his memory. s 

The executive unit is the part which 
carries out the various individual op- 
erations involved in a calculation. 
What these individual operations are 
Will vary from machine to machine. 
Usually fairly lengthy operations can 
be done such as "Multiply 3510675145 
by 7076845687" but in some machines 
only very simple ones such as “Write 
down 0” are possible. 

We have mentioned that the “book 
of rules” supplied to the computer IS 
replaced in the machine by a part of 


145 


the store. It is then called the “table 
of instructions.” It is the duty of the 
control to see that these instructions 
are obeyed correctly and in the right 
order. The control is so constructed 
that this necessarily happens. 


The information in the store is 
usually broken up into packets of 
moderately small size. In one ma- 


chine, for instance, a packet might 
consist of ten decimal digits. Numbers 
are assigned to the parts of the store 
in which the various packets of in- 
formation are stored, in some system- 
typical instruction 


atic manner. A 
might say— 

“Add the number stored in position 
6809 to that in 4302 and put the re- 
sult back into the latter storage posi- 
tion.” 

Needless to say it would not occur 
in the machine expressed in English. 
It would more likely be coded in a 
form such as 6809430217. Here 17 says 
which of various possible operations 
is to be performed on the two num- 
bers. In this case the operation is that 
described above, viz., "Add the num- 
ber. .” Ie will be noticed that the 
instruction takes up 10 digits and so 
forms one packet of information, very 
conveniently. The control will nor- 
mally take the instructions to be 
obeyed in the order of the positions 
in which they are stored, but occasion- 
ally an instruction such as 

"Now obey the instruction. stored 
in position 5606, and continue from 


there" 
may be encountered, or again 

“If position 4505 contains 0 obey 
next the instruction. stored in 6707, 
otherwise continue straight on." 
Instructions of these latter types are 
very important because they make it 
possible for a sequence of operations 
to be replaced over and over again 
until some condition is fulfilled, but 
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in doing so to obey, not fresh instruc- 
tions on each repetition, but the same 
ones over and over again. To take a 
domestic analogy. Suppose Mother 
wants Tommy to call at the cobbler's 
every morning on his way to school 
to see if her shoes are done, she can 
ask him afresh every morning. Alter- 
natively she can stick up a notice once 
and for all in the hall which he will 
see when he leaves for school and 
which tells him to call for the shoes, 
and also to destroy the notice when 
he comes back if he has the shoes with 
him. 

The reader must accept it as a fact 
that digital computers can be con- 
structed, and indeed have been con- 
structed, according to the principles 
we have described, and that they can 
in fact mimic the actions of a human 
computer very closely. 

The book of rules which we have 
described our human computer as 
using is of course a convenient fiction. 
Actual human computers really re— 
member what they have got to do. If 
one wants to make a machine mimic 
the behaviour of the human computer 
in some complex operation one has 
to ask him how it is done, and then 
translate the answer into the form of 
an instruction table. Constructing in- 
struction tables is usually described as 
"programming." To "programme a 
machine to carry out the operation 
A" means to put the appropriate in- 
struction table into the machine so 
that it will do A. 

An interesting variant on the idea 
of a digital computer is a “digital 
computer with a random element." 
These have instructions involving the 
throwing of a die or some equivalent 
electronic process; one such instruc- 
tion might for instance be, "Throw 
the die and put the resulting number 
1000." Sometimes such a 


into store 


machine is described as having free 
will (though I would not use this 
phrase myself). It is not normally pos- 
sible to determine from observing a 
machine whether it has a random ele- 
ment, for a similar effect can be pro- 
duced by such devices as making the 
choices depend on the digits of the 
decimal for z. 

Most actual digital computers have 
only a finite store. There is no theo- 
retical difficulty in the idea of a com- 
puter with an unlimited store. Of 
course only a finite part can. have 
been used at any one time. Likewise 
only a finite amount can have been 
constructed, but we can imagine more 
and more being added as required. 
Such computers have special theoreti- 
cal interest and will be called infini- 
tive capacity computers. 

The idea of a digital computer is an 
old one. Charles Babbage, Lucasian 
Professor of Mathematics at Cam- 
bridge from 1898 to 1839, planned 
such a machine, called the Analytical 
Engine, but it was never completed. 
Although Babbage had all the essen- 
tial ideas, his machine was not at that 
time such a very attractive prospect: 
The speed which would have heen 
available would be definitely faste! 
than a human computer but seme 
thing like 100 times slower than the 
Manchester machine, itself one of te 
slower of the modern machines. RE 
Storage was to be purely mechanical, 
using wheels and cards. 

The fact that Babbage's Analy 
Engine was to be entirely mechan 
will help us to rid ourselves ° 
superstition. Importance is often, a 
tached to the fact that modern digit? 
computers are electrical, and Bn 
nervous system also is electrical. 1 
Babbage's machine was not Spei 
and since all digital computers me 
à sense equivalent, we sce that 


tical 
ica 

a 

at- 
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use of electricity cannot be of theoreti- 
cal importance. Of course electricity 
usually comes in where fast signalling 
is concerned, so that it is not sur- 
prising that we find it in both these 
connections. In the nervous system 
chemical phenomena are at least as 
important as electrical. In certain 
computers the storage system is mainly 
acoustic. The feature of using electric- 
ity is thus seen to be only a very 
superficial similarity. If we wish to 
find such similarities we should look 
rather for mathematical analogies of 
function. 


5. Universality of Digital 
Computers 


The digital computers considered 
in the last section may be classified 
amongst the "discrete-state machines." 
"These are the machines which move 
by sudden jumps or clicks from one 
quite definite state to another. These 
States are sufficiently different for the 
possibility of confusion between them 
to be ignored. Strictly speaking there 
are no such machines. Everything 
really moves continuously. But there 
are many kinds of machine which can 
Profitably be thought of as being dis- 
crete-state machines. For instance in 
considering the switches for a lighting 
System it is a convenient fiction that 
each switch must be definitely on or 
definitely off. There must be inter- 
mediate positions, but for most pur- 
Poses we can forget about them. As 
àn example of a discrete-state machine 
we might consider a wheel which 
clicks round through 120? once a sec- 
ond, but may be stopped by a lever 
Which can be operated from outside; 
in addition a lamp is to light in one 
of the positions of the wheel. This 
machine could be described abstractly 
as follows. The internal state of the 
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machine (which is described by the 
position of the wheel) may be q, qs or 
qs. There is an input signal ij or i 
(position of lever). The internal state 
at any moment is determined by the 
last state and input signal according 
to the table 


Last State 


41 72 4s 
ip de ds qı 
Input 


i (d 42 qz 


The output signals, the only exter- 
nally visible indication of the internal 
state (the light) are described by the 


table 


State qi q2 qs 
Output % % 0, 


This example is typical of discrete- 
state machines. They can be described 
by such tables provided they have 
only a finite number of possible states. 

It will seem that given the initial 
state of the machine and the input 
signals it is always possible to predict 
all future states. This is reminiscent 
of Laplace's view that from the com- 
plete state of the universe at one 
moment of time, as described by the 
positions and velocities of all par- 
ticles, it should be possible to predict 
all future states. The prediction which 
we are considering is, however, rather 
nearer to practicability than that con- 
sidered by Laplace. The system of the 
“universe as a whole" is such that 
quite small errors in the initial condi- 
tions can have an overwhelming effect 
at a later time. The displacement of 
a single electron by a billionth of a 
centimetre at one moment might 
make the difference between a man 
being killed by an avalanche a year 
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later, or escaping. It is an essential 
property of the mechanical systems 
which we have called ‘“‘discrete-state 
machines” that this phenomenon does 
not occur. Even when we consider the 
actual physical machines instead of 
the idealised machines, reasonably ac- 
curate knowledge of the state at one 
moment yields reasonably accurate 
knowledge any number of steps later. 
As we have mentioned, digital com- 
puters fall within the class of discrete- 
state machines. But the number of 
states of which such a machine is 
capable is usually enormously large. 
For instance, the number for the 
machine now working at Manchester 
is about 2195900, je about 100.000. 
Compare this wich our example of 
the clicking wheel described above, 
which had three states. It is not diff- 
cult to see why the number of states 
should be so immense. The computer 
includes a store corresponding to the 
paper used by a human computer. It 
must be possible to write into the 
store any one of the combinations 
of symbols which might have been 
written on the paper. For simplicity 
suppose that only digits from 0 to 9 
are used as symbols. Variations in 
handwriting are ignored. Suppose the 
computer is allowed 100 sheets of 
paper each containing 50 lines each 
with room for 30 digits. Then the 
number of states is 10100x50x30, ie. 
10150000. This is about the number of 
states of three Manchester machines 
put together. The logarithm to the 
base two of the number of states is 
usually called the “storage capacity” 
of the machine. Thus the Manchester 
machine has a storage capacity of 
about 165,000 and the wheel machine 


of our example about 1.6. If two ma- 


chines are put together their capacities 


must be added to obtain the capacits 


of the resultant machine. This leads 


to the possibility of statements such as 
“The Manchester machine contains 64 
magnetic tracks each with a capacity 
of 2560, eight electronic tubes with a 
capacity of 1280. Miscellaneous stor- 
age amounts to about 300 making a 
total of 174,380." 

Given the table corresponding to a 
discrete-state machine it is possible to 
predict what it will do. There is no 
reason why this calculation should not 
be carried out by means of a digital 
computer, Provided it could be car- 
ried out sufficiently quickly the digital 
computer could mimic the behavior 
of any discrete-state machine. The 
imitation game could then be played 
with the machine in question (as B) 
and the mimicking digital computer 
(as A) and the interrogator would be 
unable to distinguish them. Of course 
the digital computer must have an 
adequate storage capacity as well as 
working suffi iently fast. Moreover, it 
must be programmed afresh for each 
new machine which it is desired to 
mimic, 

This special property of digital 
computers, that they can mimic any 
discrete-state machine, is described by 


saying that they are universal. ma- 
chines. The existence of machines 
With this property has the important 


consequence e 
speed apart, 


Various new 


that, considerations | 
it is unnecessary to design 
machines to do various 
computing processes, They can all the 
be done with one digital computer: 
suitably programmed for each case. It 
will be seen that 


e of 
as a consequence 9 
this inn! 


all. digital are in * 
sense equivalent, 

We may now consider again the 
point. raised at the end of $3. It was 
suggested tentatively that the ques 
tion, Machines think?” shouk 
be replaced by * \re there imaginable 
digital computers * 


computers 


(Gani 


which would 
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well in the imitation game?” If we 
wish we can make this superficially 
more general and ask "Are there dis- 
crete-state machines which would do 
well?” But in view of the universality 
property we see that either of these 
questions is equivalent to this, “Let 
us fix our attention on one particular 
digital computer C. Is it true that by 
modifying this computer to have an 
adequate storage, suitably increasing 
its speed of action, and providing it 
with an appropriate. programme, C 
can be made to play satisfactorily the 
part of A in the imitation game, the 
part of B being taken by a man?" 


6. Contrary Views on the 
Main Question 


We may now consider the ground 
to have been cleared and we are ready 
to proceed to the debate on our ques- 
"Can machines think?" and the 


tion, 

variant of it quoted at the end of the 
last section, We cannot altogether 
abandon the original form of the 


problem, for opinions will differ as to 


the appropriateness of the substitu- 
tion and we must at least listen to 
what has to be said in this connexion. 

It will simplify matters for the 
reader if I explain first my own beliefs 
in the matter. Consider first the more 
accurate form of the question. I be- 
lieve that in about fifty years’ time It 
will be possible to programme com, 
puters, with a storage capacity of 


about 10%, to make them play the 
average 


imitation game so well that an 
interrogator will not have more than 
70 per cent chance of making the 
right identification after five minutes 
of questioning. The original question. 
"Can machines think?” I believe to 
be too meaningless to deserve discus- 
sion. Nevertheless I believe that at the 
end of the century the use of words 
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and general educated opinion will 
have altered so much that one will be 
able to speak of machines thinking 
without expecting to be contradicted. 
I believe further that no useful pur- 
pose is served by concealing these be- 
liefs. The popular view that scientists 
proceed inexorably from well-estab- 
lished fact to well-established fact, 
never being influenced by any im- 
proved conjecture, is quite mistaken. 
Provided it is made clear which are 
proved facts and which are conjec- 
tures, no harm can result. Conjectures 
are of great importance since they 
suggest useful lines of research. 

I now proceed to consider opinions 
opposed to my own. 


(1) Tur THEOLOGICAL OBJECTION 


Thinking is a function of man's 
immortal soul. God has given an im- 
mortal soul to every man and woman, 
but not to any other animal or to ma- 
chines. Hence no animal or machine 
can think. 

I am unable to accept any part of 
this, but will attempt to reply in 
theological terms. I should find the 
argument more convincing if animals 
were classed with men, for there is a 
greater difference, to my mind, be- 
tween the typical animate and the 
inanimate than there is between man 
and the other animals. The arbitrary 
character of the orthodox view be- 
comes clearer if we consider how it 
might appear to a member of some 
other religious community. How do 
Christians regard the Moslem view 
that women have no souls? But let us 


1 Possibly this view is heretical. St. Thomas 
Aquinas [Summa Theologica, quoted by Ber- 
trand Russell (1945. p. 458)] states that God 
cannot make a man to have no soul. But this 
may not be a real restriction on His powers. 
but only a result of the fact that men’s souls 


are immortal, and therefore indestructible. 
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leave this point aside and return to 
the main argument. It appears to me 
that the argument quoted above im- 
plies a serious restriction of the om- 
nipotence of the Almighty. It is ad- 
mitted that there are certain things 
that He cannot do such as making 
one equal to two, but should we not 
believe that He has freedom to confer 
a soul on an elephant if He sees fit? 
We might expect that He would only 
exercise this power in conjunction 
with a mutation which provided the 
elephant with an appropriately im- 
proved brain to minister to the needs 
of this soul. An argument of exactly 
similar form may be made for the case 
of machines. It may seem different be- 
cause it is more difficult to "swallow." 
But this really only means that we 
think it would be less likely that He 
would consider the circumstanc es suit- 
able for conferring a soul. The cir- 
cumstances in question are discussed 
in the rest of this paper. In attempt- 
ing to construct such machines we 
should not be irreverently usurping 
His power of creating souls, any more 
than we are in the procreation of chil- 
dren: rather we are, in either Case, 
instruments of His will providing 
mansions for the souls that He creates. 
However, this is mere speculation. 
I am not very impressed with theo- 
logical arguments whatever they may 
be used to support. Such arguments 
have often been found unsatisfactory 
in the past. In the time of Galileo it 
was argued that the texts, "And the 
sun stood still . . . and hasted not to 
go down about à whole day" (Joshua 
$e. 13) and “He laid the foundations 
of the earth, that it should not move 
at any time" (Psalm cv. 5) were an 
adequate refutation of the Copernican 
theory. With our present. knowledge 
such an argument appears futile. 
When that knowledge was not avail- 


able it made a quite different impres- 
sion. 


"HEAD IN THE SAND" 
OBJECTION 


“The consequences of machines 
thinking would be too dreadful. Let 
us hope and believe that they cannot 
do so." 

This argument is seldom expressed 
quite so openly as in the form above. 
But it affects most of us who think 
about it at all. We like to believe that 
Man is in some subtle way superior 
to the rest of creation. It is best if he 
can be shown to be necessarily supe 
rior, for then there is no danger of 
him losing his commanding position. 
The popularity of the theological ar- 
zument is clearly connected with this 
feeling. It is likely to be quite strong 
in intellectual people, since they value 
the power of thinking more highly 
than others, and are more inclined to 
base their belief in the superiority of 
Man on this power. 

I do not think that this argument 
is sufficiently substantial to require 
refutation, Consolation would be 
more appropriate: perhaps this should 
be sought in the transmigration 9 
souls, 


(3) Tun MATHEMATICAL OBJECTION 

There are a number of results of 
mathematical logic which can be uset 
to show that there are limitations t° 
the powers of discrete-state machines: 
The best known of these results is 
known as Gödlel's theorem (1931) dne 
shows that in any sufficiently power: 


A d x e 
ful logical system statements can E 
formulated which can neither ? 
proved nor disproved within the SY 


tem, unless possibly the system res 

is Inconsistent. There are other. 170 
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some respects similar, results due 
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Church (1936), Kleene (1935), Rosser, 
and Turing (1937). The latter result 
is the most convenient to consider, 
since it refers directly to machines, 
whereas the others can only be used 
ina comparatively indirect argument: 
for instance if Gódel's theorem is to 
be used we need in addition to have 
some means of describing logical sys- 
tems in terms of machines, and ma- 
chines in terms of logical systems. The 
result in question refers to a type of 
machine which is essentially a digital 
computer with an infinite capacity. It 
States that there are certain things that 
such a machine cannot do. If it is 
rigged up to give answers to questions 
as in the imitation game, there will be 
some questions to which it will either 
give a wrong answer, or fail to give an 
answer at all however much time is 
allowed for a reply. There may, of 
Course, be many such questions, and 
questions which cannot be answered 
by one machine may be satisfactorily 
answered by another. We are of course 
supposing for the present that the 
questions are of the kind to which an 
answer "Yes" or "No" is appropriate, 
rather than questions such as "What 
do you think of Picasso?" The ques- 
tions that we know the machines must 
fail on are of this type, "Consider the 
machine specified as follows. . - 
Will this machine ever answer 'Yes' 
to any question?" The dots are to be 
Teplaced by a description of some 
machine in a standard form, which 
could be something like that used in 
§5. When the machine described bears 
à certain comparatively simple rela- 
tion to the machine which is under 
Interrogation, it can be shown that 
the answer is either wrong or not 
forthcoming. This is the mathematical 
result: it is argued that it proves a 
disability of machines to which the 
human intellect is not subject. 
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The short answer to this argument 
is that although it is established that 
there are limitations to the powers of 
any particular machine, it has only 
been stated, without any sort of proof, 
that no such limitations apply to the 
human intellect. But I do not think 
this view can be dismissed quite so 
lightly. Whenever one of these ma- 
chines is asked the appropriate critical 
question, and gives a definite answer, 
we know that this answer must be 
wrong, and this gives us a certain feel- 
ing of superiority. Is this feeling il- 
lusory? It is no doubt quite genuine, 
but I do not think too much impor- 
tance should be attached to it. We too 
often give wrong answers to questions 
ourselves to be justified in being very 
pleased at such evidence of fallibility 
on the part of the machines. Further, 
our superiority can only be felt on 
such an occasion in relation to the one 
machine over which we have scored 
our petty triumph. There would be 
no question of triumphing simultane- 
ously over all machines. In short, 
then, there might be men cleverer 
than any given machine, but then 
again there might be other machines 
cleverer again, and so on. 

Those who hold to the mathemati- 
cal argument would, I think, mostly 
be willing to accept the imitation 
game as a basis for discussion. Those 
who believe in the two previous ob- 
jections would probably not be in- 


terested in any criteria. 


(4) THe ARGUMENT FROM 
CONSCIOUSNESS 


This argument is very well Sex 
pressed in Professor Jefferson's Lister 
Oration for 1949, from which I quote. 
"Not until a machine can write a son- 
net or compose a concerto because of 
thoughts and emotions felt, and not 
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by the chance fall of symbols, could 
we agree that machine equals brain— 
that is, not only write it but know 
that it had written it. No mechanism 
could feel (and not merely artificially 
signal, an easy contrivance) pleasure 
at its successes, grief when its valves 
fuse, be warmed by flattery, be made 
miserable by its mistakes, be charmed 
by sex, be angry or depressed when it 
cannot get what it wants.” 

This argument appears to be a 
denial of the validity of our test. Ac- 
cording to the most extreme form of 
this view the only way by which one 
could be sure that a machine thinks 
is to be the machine and to feel one- 
self thinking. One could then describe 
these feelings to the world, but of 
course no one would be justified in 
taking any notice. Likewise according 
to this view the only way to know 
that a man thinks is to be that par- 
ticular man. It is in fact the solipsist 
point of view. It may be the most 
logical view to hold but it makes 
communication of ideas difficult. A is 
liable to believe “A thinks but B does 
not" whilst B believes "B thinks but 
A does not." Instead of arguing con- 
tinually over this point it is usual to 
have the polite convention that every- 
one thinks. 

I am sure that Professor Jefferson 
does not wish to adopt the extreme 
and solipsist point of view. Probably 
he would be quite willing to accept 
the imitation. game as a test. The 
game (with the player B omitted) is 
frequently used in practice under the 
name of viva voce to discover whether 
some one really understands some- 
thing or has “learnt it parrot fashion.” 
Let us listen in to a part of such a 


viwa VOC: 


Interrogator: In the first line of your 


sonnet which reads “Shall 


I compare thee to a sum- 


mer's day," would not “a 
spring day" do as well or 


better? 
Witness: It wouldn't scan. 
Interrogator: How about "a winter's 
day." That would scan all 
right. 


Witness: Yes, but nobody wants to 


be compared to a winter's 


day. 

Interrogator: Would you say Mr. Pick- 
wick reminded you of 
Christmas? 

Witness: In a way. 

Interrogator: Yet Christmas is a winters 


day, and I do not think 
Mr. Pickwick would mind 
the comparison. 


Witness: I don't think you're scri- 
ous. By a winter's day ons 
means a typical winters 
day, rather than a special 
one like Christmas. 


And so on. What would Professor 
Jefferson say if the sonnet-writing 
machine was able to answer like this 
in the viva voce? 1 do not know 
whether he would regard the machine 
as "merely artificially signalling" these 
answers, but if the answers were 85 
satisfactory and sustained as in the 
above passage I do not think he would 
describe it as “an easy contrivance: 
This phrase is, I think, intended te 
cover such devices as the inclusion in 
the machine of a record of someone 
reading a sonnet, with appropriate 
switching to turn it on from time t? 
time. 

In short then, I think that mos 
those who support the argument pio 
consciousness could be persuaded X 
abandon it rather than be forced iny 


tof 
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the solipsist position. They will then 
probably be willing to accept our test. 

I do not wish to give the impression 
that I think there is no mystery about 
consciousness. There is, for instance, 
something of a paradox connected 
with any attempt to localise it. But 1 
do not think these mysteries neces- 
sarily need to be solved before we can 
answer the question with which we 
are concerned in this paper. 


(5) ARGUMENTS FROM VARIOUS 
DISABILITIES 


These arguments take the form, “I 
grant you that you can make machines 
do all the things you have mentioned 
but you will never be able to make 
one to do X.” Numerous features X 
are suggested in this connexion. I offer 
a selection: 

Be kind, resourceful, beautiful, 
friendly, have initiative, have a sense 
of humour, tell right from wrong, 
make mistakes, fall in love, enjoy 
strawberries and cream, make some 
one fall in love with it, learn from 
experience, use words properly, be the 
subject of its own thought, have as 
much diversity of behaviour as à man, 
do something really new. 

No support is usually offered for 
these statements. I believe they are 
mostly founded on the principle of 
Scientific induction. A man has seen 
thousands of machines in his lifetime. 
From what he sees of them he draws 
a number of general conclusions. 
They are ugly, each is designed for a 
very limited purpose, when required 
for a minutely different purpose they 
are useless, the variety of behaviour 
of any one of them is very small, etc., 
etc. Naturally he concludes that these 
are necessary properties of machines 
in general. Many of these limitations 
are associated with the very small 
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storage capacity of most machines. (I 
am assuming that the idea of storage 
capacity is extended in some way to 
cover machines other than discrete- 
state machines. The exact definition 
does not matter as no mathematical 
accuracy is claimed in the present dis- 
cussion.) A few years ago, when very 
little had been heard of digital com- 
puters, it was possible to elicit much 
incredulity concerning them, if one 
mentioned their properties without 
describing their construction. That 
was presumably due to a similar ap- 
plication of the principle of scientific 
induction. These applications of the 
principle are of course largely un- 
conscious. When a burnt child fears 
the fire and shows that he fears it by 
avoiding it, I should say that he was 
applying scientific induction. (I could 
of course also describe his behaviour 
in many other ways.) The works and 
customs of mankind do not seem to 
be very suitable material to which to 
apply scientific induction. A very large 
part of space-time must be investi- 
gated, if reliable results are to be ob- 
tained. Otherwise we may (as most 
English children do) decide that 
everybody speaks English, and that it 
is silly to learn French. 

There are, however, special remarks 
to be made about many of the dis- 
abilities that have been mentioned. 
The inability to enjoy strawberries 
and cream may have struck the reader 
as frivolous. Possibly a machine might 
be made to enjoy this delicious dish, 
but any attempt to make one do so 
would be idiotic. What is important 
about this disability is that it contrib- 
utes to some of the other disabilities, 
e.g.. to the difficulty of the same kind 
of friendliness occurring between man 
and machine as between white man 
and white man, or between black man 


and black man. 
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The claim that machines cannot 
make mistakes" seems a curious one. 
One is tempted to retort, "Are they 
any the worse for that?" But let us 
adopt a more sympathetic attitude, 
and try to see what is really meant. I 
think this criticism can be explained 
in terms of the imitation game. It is 
claimed that the interrogator could 
distinguish the machine from the man 
simply by setting them a number of 
problems in arithmetic. The machine 
would be unmasked because of its 
deadly accuracy. The reply to this is 
simple. The machine (programmed 
for playing the game) would not at- 
tempt to give the right answers to 
the arithmetic problems. It would de- 
liberately introduce mistakes in a 
manner calculated to confuse the in- 
terrogator. A mechanical fault would 
probably show itself through an un- 
suitable decision as to what sort of a 
mistake to make in the arithmetic. 
Even this interpretation of the criti- 
cism is not sufficiently sympathetic. 
But we cannot afford the space to go 
into it much further. It seems to me 
that this criticism depends on a con- 
fusion between two kinds of mistake. 
We may call them “errors of func- 
tioning” and "errors of conclusion." 
Errors of functioning are due to some 
mechanical or electrical fault which 
causes the machine to behave other- 
wise than it was designed to do. In 
philosophical discussions one likes to 
ignore the possibility of such errors; 
one is therefore discussing "abstract 
machines." These abstract machines 
are mathematical fictions rather than 
physical objects. By definition. they 
are incapable of errors of functioning. 
In this sense we can truly say that 
"machines can never make mistakes." 
Errors of conclusion can only arise 
when some meaning is attached to the 
output signals from the machine. The 


machine might, for instance, type out 
mathematical equations, or sentences 
in English. When a false proposition 
is typed we say that the machine has 
committed an error of conclusion. 
There is clearly no reason at all for 
saying that a machine cannot make 
this kind of mistake. It might do 
nothing but type out repeatedly "0 — 
1.” To take a less perverse example, 
it might have some method for draw- 
ing conclusions by scientific. induc- 
tion. We must expect such a method 
to lead occasionally to erroneous re- 
sults. 

The claim that a machine cannot 
be the subject of its own thought can 
of course only be answered if it can 
be shown that the machine has some 
thought with some subject matter. 
Nevertheless, “the subject matter of à 
machine's operations" does seem tO 
mean something, at least to the people 
who deal with it. If, for instance, the 
machine was trying to find a solution 
of the equation x? — 40x — 11 = 7 
one would be tempted to describe this 
equation as part of the machine’s sub- 
ject matter at that moment. In this 
sort of sense a machine undoubtedly 
can be its own subject matter. It may 
be used to help in making up its ow? 
programmes, or to predict the effect 
of alterations in its own structure: 
By observing the results of its OWP 
behaviour it can modify its own pro- 
grammes so as to achieve some pur 
pose more effectively. These are bos 
sibilties of the Wear future, rather 
than Utopian dreams. x 

The criticism that a machine cane 
not have much diversity of behavior’ 
is just a way of saying that it it 
have much storage capacity. i ge 
fairly recently a storage ue is 

The criticisms that we : 
ing here are often disguisec 
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the argument from consciousness. 
Usually if one maintains that a ma- 
chine can do one of these things, and 
describes the kind of method that the 
machine could use, one will not make 
much of an impression. It is thought 
that the method (whatever it may be, 
for it must be mechanical) is really 
rather base. Compare the parentheses 
in Jefferson's statement. 


(6) Lapy LovELACE's OBJECTION 


Our most detailed information of 
Babbage's Analytical Engine comes 
from a memoir by Lady Lovelace 
(1842). In it she states, The Analyti- 
cal Engine has no pretensions to origi- 
nate anything. It can do whatever we 
know how to order it to perform” (her 
italics). This statement is quoted by 
Hartree (1949) who adds: “This does 
not imply that it may not be possible 
to construct electronic equipment 
which will ‘think for itself, or in 
which, in biological terms, One could 
set up a conditioned reflex, which 
would serve as a basis for "learning. 
Whether this is possible in principle 
or not is a stimulating and exciting 
question, suggested by some of these 
recent developments. But it did not 
seem that the machines constructed 
or projected at the time had this 
Property.” 

I am in thorough agreement with 
Hartree over this. It will be noticed 
that he does not assert that the ma- 
chines in question had not got the 
property, but rather that the evidence 
available to Lady Lovelace did not 
encourage her to believe that they 
had it. It is quite possible that the 
machines in question had in a sense 
got this property. For suppose 
some discrete-state machine has 
property. The Analytical Engine was 


that 
the 
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a universal digital computer, so that, 
if its storage capacity and speed were 
adequate, it could by suitable pro- 
gramming be made to mimic the 
machine in question. Probably this 
argument did not occur to the Count- 
ess or to Babbage. In any case there 
was no obligation on them to claim 
all that could be claimed. 

This whole question will be con- 
sidered again under the heading of 
learning machines. 

A variant of Lady Lovelace’s ob- 
jection states that a machine can 
“never do anything really new.” This 
may be parried for a moment with 
the saw, “There is nothing new under 
the sun.” Who can be certain that 
“original work” that he has done was 
not simply the growth of the seed 
planted in him by teaching, or the 
effect of following well-known general 
principles. A better variant of the ob- 
jection says that a machine can never 
“take us by surprise.” This statement 
is a more direct challenge and can be 
met directly. Machines take me by 
surprise with great frequency. This is 
largely because I do not do sufficient 
calculation to decide what to expect 
them to do, or rather because, al- 
though I do a calculation, I do it in 
a hurried, slipshod fashion, taking 
risks. Perhaps I say to myself, “I sup- 
pose the voltage here ought to be the 
same as there: anyway let’s assume 
it is.” Naturally I am often wrong, 
and the result is a surprise for me 
for by the time the experiment is 
done these assumptions have been 
These admissions lay me 
ctures on the subject of my 
vicious ways, but do not throw any 
doubt on my credibility when I testify 
to the surprises I experience. 

I do not expect this reply to silence 
He will probably say that 
are due to some cre- 


forgotten. 
open to le 


my critic. 
such surprises 
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ative mental act on my part, and re- 
flect no credit on the machine. This 
leads us back to the argument from 
consciousness, and far from the idea 
of surprise. It is a line of argument 
we must consider closed, but it is per- 
haps worth remarking that the appre- 
ciation of something as surprising re- 
quires as much of a "creative mental 
act” whether the surprising event 
originates from a man, a book, a ma- 
chine or anything else. 

The view that machines cannot give 
rise to surprises is due, I believe, to a 
fallacy to which philosophers and 
mathematicians are particularly sub- 
ject. This is the assumption that as 
soon as a fact is presented to a mind 
all consequences of that fact spring 
into the mind simultaneously with it, 
It is a very useful assumption under 
many circumstances, but one too 
easily forgets that it is false, A natural 
consequence of doing so is that one 
then assumes that there is no virtue 
in the mere working out of conse- 
quences from data and general prin- 
ciples. 


(7) ARGUMENT FROM CONTINUITY 
IN THE NERVOUS SYSTEM 


The nervous system is certainly not 
a discrete-state machine. A small error 
in the information about the size of 
a nervous impulse impinging on a 
neuron, may make a large difference 
to the size of the outgoing impulse. 
It may be argued that, this being so, 
one cannot expect to be able to mimic 
the behaviour of the nervous system 
with a discrete-state system. 

Mt is true that a discrete-state ma 
chine must be different 
tinuous machine 


from a con 
^ut if we adhere to 
the conditions of the imitation game, 
the interrogator will not be able to 
take any advantage of this difference. 


The situation can be made clearer if 
we consider some other simpler con- 
tinuous machine. A differential ana- 
lyser will do very well. (A differential 
analyser is a certain kind of machine 
not of the discrete-state type used for 
some kinds of calculation.) Some of 
these provide their answers in a typed 
form, and so are suitable for taking 
part in the game. It would not be 
possible for a digital computer to pre- 
dict exactly what answers the differ- 
ential analyser would give to a prob- 
lem, but it would be quite capable of 
giving the right sort of answer. For 
instance, if asked to give the value of 
7 (actually about 3.1416) it would be 
reasonable to choose at random be- 
tween the values 3.12, 8.18, 3.14, 8.15, 
3.16 with the probabilities of 0.05, 
0.15, 0.55, 0.19, 0.06 (say). Under these 
circumstances it would be very diffi- 
cult for the interrogator to distinguish 
the differential from the 


analyser 
digital computer. 


(8) THE ARGUMENT FROM INFORMALITY 
OF BEHAVIOUR 


It is not possible to produce a set 
of rules purporting to describe what à 
man should do in every conceivable 
set of circumstances. One might for 
instance have a rule that one is tO 
stop when one sees a red traffic light 
and to go if one sees a green one, but 
what if by some fault both appear 
together? One may perhaps decide 
that it is safest to stop. But some fur- 
ther difficulty may well arise from this 
decision later. To attempt to provide 
rules of conduct to cover every even 
tuality, even those arising from traffic 
lights, appears to be impossible. With 
all this I agree. 

From this it is argued that we ¢ 
not be machines. I shall try to repra 
duce the argument, but I fear I shal 


an- 
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hardly do it justice. It seems to run 
something like this. “If each man had 
a definite set of rules of conduct by 
which he regulated his life he would 
be no better than a machine. But 
there are no such rules, so men cannot 
be machines." The undistributed mid- 
dle is glaring. I do not think the ar- 
gument is ever put quite like this, but 
I believe this is the argument used 
nevertheless. There may however be 
a certain confusion between “rules of 
conduct” and “laws of behaviour" to 
cloud the issue. By “rules of conduct” 
I mean precepts such as "Stop if you 
see red lights," on which one can act, 
and of which one can be conscious. 
By "laws of behaviour" I mean laws 
of nature as applied to a man's body 
Such as "if you pinch him he will 
Squeak." If we substitute "laws of be- 
haviour which regulate his life" for 
laws of conduct by which he regu- 
lates his life" in the argument quoted 
the undistributed middle is no longe! 
insuperable, For we believe that it is 
not only true that being regulated by 
laws of behaviour implies being some 
Sort of machine (though not necessar- 
ily a discrete-state machine), but that 
conversely being such a machine im- 
Plies being regulated by such laws. 
However, we cannot so easily convince 
Ourselves of the absence of complete 
laws of behaviour as of complete rules 
of conduct. The only way we know 
of for finding such laws is scientific 
Observation, and we certainly know 
of no circumstances under which we 
could say, "We have searched enough. 
There are no such laws.” 

We can demonstrate more forcibly 
that any such statement would be un- 
Justified. For suppose we could be 
sure of finding such laws if they ex- 
isted. Then given a discrete-state ma- 
chine it should certainly be possible 
to discover by observation sufficient 
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about it to predict its future behav- 
iour, and this within a reasonable 
time, say a thousand years. But this 
does not seem to be the case. I have 
set up on the Manchester computer 
a small programme using only 1,000 
units of storage, whereby the machine 
supplied with one sixteen-figure num- 
ber replies with another within two 
seconds. I would defy anyone to learn 
from these replies sufficient about the 
programme to be able to predict any 
replies to untried values. 


ARGUMENT FROM 
sORY PERCEPTION 


(9) Tu 
ExTRA 


] assume that the reader is familiar 
with the idea of extrasensory percep- 
tion, and the meaning of the four 
items of it, viz, telepathy, clairvoy- 
ance, precognition and psychokinesis. 
These disturbing phenomena seem to 
deny all our usual scientific ideas. 
How we should like to discredit them! 
Unfortunately the statistical evidence, 
at least for telepathy, is overwhelm- 
ing. It is very difficult to rearrange 
one's ideas so as to fit these new facts 
in. Once one has accepted them it 
does not seem a very big step to be- 
and bogies. The idea 


lieve in ghosts 
ly accord- 


that our bodies move simp 
ing to the known laws of physics, to- 
gether with some others not yet dis- 
covered but somewhat similar, would 
be one of the first to go. 

This argument is to my mind quite 
a strong onc. One can say in reply 
that many scientific theories seem to 
remain workable in practice, in spite 
of clashing with ESP; that in fact one 
can get along very nicely if one forgets 
about it. This is rather cold comfort, 
and one fears that thinking is just the 
kind of phenomenon where ESP may 
be especially relevant. 

A more specific argument based on 
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ESP might run as follows: “Let us 
play the imitation game, using as 
witnesses, a man who is good as a 
telepathic receiver, and a digital com- 
puter. The interrogator can ask such 
questions as ‘What suit does the card 
in my right hand belong to?’ The 
man by telepathy or clairvoyance gives 
the right answer 130 times out of 400 
cards. The machine can only guess at 
random, and perhaps gets 104 right, 
so the interrogator makes the right 
identification.” There is an interesting 
possibility which opens here. Suppose 
the digital computer contains a ran- 
dom number generator. Then it will 
be natural to use this to decide what 
answer to give. But then the random 
number generator will be subject to 
the psychokinetic powers of the inter- 
rogator. Perhaps this psychokinesis 
might cause the machine to guess 
right more often than would be ex- 
pected on a probability calculation 
so that the interrogator might still be 
unable to make the right identifica- 
tion. On the other hand, he might be 
able to guess right without any ques- 
tioning, by clairvoyance. With ESP 
anything may happen. 

If telepathy is admitted it will be 
necessary to tighten our test up. The 
situation could be regarded as analo- 
gous to that which would occur if the 
interrogator were talking to himself 
and one of the competitors was listen- 
ing with his ear to the wall. To put 
the competitors into a “telepathy- 
proof room” would satisfy all require- 


ments. 


7. Learning Machines 


The reader will have anticipated 
that I have no very convincing argu- 
ments of a positive nature to support 
my views. If I had I should not have 
taken such pains to point out the 


fallacies in contrary views. Such evi- 
dence as I have I shall now give. 

Let us return for a moment to Lady 
Lovelace's objection, which stated 
that the machine can only do what 
we tell it to do. One could say that a 
man can "inject" an idea into the 
machine, and that it will respond to a 
certain extent and then drop into 
quiescence, like a piano string struck 
by a hammer. Another simile would 
be an atomic pile of less than critical 
size: an injected idea is to correspond 
to a neutron entering the pile from 
without. Each such neutron will cause 
à certain disturbance which eventu- 
ally dies away. If, however, the size of 
the pile is sufficiently increased, the 
disturbance caused by such an incom- 
ing neutron will very likely go on and 
on Increasing until the whole pile is 
destroyed. Is there a corresponding 
phenomenon for minds, and is there 
one for machines? There does seem to 
be one for the human mind. The 
majority of them seem to be “sub- 
critical,“ ie, to correspond in this 
analogy to piles of subcritical size. AD 
idea presented to such a mind will on 
average give rise to less than one idea 
in reply. A smallish proportion are 
Supercritical. An idea presented to 
such à mind may give rise to a whole 
theory" consisting of secondary, ter- 
ary and more remote ideas. Animals’ 
minds seem to be very definitely sub- 
critical. Adhering to this analogy we 
ask, "Can a machine be made to be 
supercritical?” 

The “skin-of-an-onion” analogy i5 
also helpful. In considering the func 
tons of the mind or the brain We 
find certain operations which we can 
explain in purely mechanical terms. 
This we say does not correspond to 
the real mind: it is a sort of skin 
which we must strip off if we are to 
find the real mind, But then in what 
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remains we find a further skin to be 
stripped off, and so on. Proceeding in 
this way do we ever come to the “real” 
mind, or do we eventually come to 
the skin which has nothing in it? In 
the latter case the whole mind is 
mechanical. (It would not be a dis- 
crete-state machine however. We have 
discussed this.) 

These last two paragraphs do not 
claim to be convincing arguments. 
They should rather be described as 
“recitations tending to produce be- 
lier" 

The only really satisfactory support 
that can be given for the view ex- 
pressed at the beginning of $6, will 
be that provided by waiting for the 
end of the century and then doing 
the. experiment. described. But what 
can we say in the meantime? What 
steps should be taken now if the ex- 
periment is to be successful? 
^ As I have explained, the problem 
15 mainly one of programming. Ad- 
vances in engineering will have to be 
made too, but it seems unlikely that 
these will not be adequate for the re- 
quirements. Estimates of the storage 
capacity of the brain vary from 10% 
to 105 binary digits. I incline to the 
lower values and believe that only a 
very small fraction is used for the 
higher types of thinking. Most of it 
18 probably used for the retention of 
visual impressions. I should be sur- 
prised if more than 10? was required 
for satisfactory playing of the imita- 
tion game, at any rate against a blind 
man. (Note: The capacity of the En- 
cyclopaedia Britannica, 11th edition, 
is 2 x 10°.) A storage capacity of 107 
would be a very practicable possibility 
even by present techniques. It is prob- 
ably not necessary to increase the 
speed of operations of the machines 
at all. Parts of modern machines 
which can be regarded as analogs of 
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thousand 
This 


nerve cells work about a 
times faster than the latter. 
should provide a "margin of safety 
which could cover losses of speed 
arising in many ways. Our problem 
then is to find out how to programme 
these machines to play the game. At 
my present rate of working I produce 
about a thousand digits of programme 
a day, so that about sixty workers, 
working steadily through the fifty 
years might accomplish the job, if 
nothing went into the wastepaper bas- 
ket. Some more expeditious method 
seems desirable. 

In the process of trying to imitate 
an adult human mind we are bound 
to think a good deal about the process 
which has brought it to the state that 
it is in. We may notice three compo- 


nents. 


(a) The initial state of the mind, say 
at birth, 

(b) The education to which it has been 
subjected, 

(c) Other experience, not to be de- 
scribed as education, to which it 
has been subjected. 


Instead of trying to produce a pro- 
gramme to simulate the adult mind, 
why not rather try to produce one 
which simulates the child's? If this 
were then subjected to an appropri- 
ate course of education one would 
obtain the adult brain. Presumably 
the child brain is something like a 
notebook as one buys it from the 
stationer’s. Rather little mechanism, 
and lots of blank sheets. (Mechanism 
and writing are from our point of 
view almost synonymous.) Our hope 
is that there is so little mechanism in 
the child brain that something like 
it can be easily programmed. The 
amount of work in the education we 
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can assume, as a first approximation, 
to be much the same as for the human 
child. 

We have thus divided our problem 
into two parts. The child programme 
and the education process. These two 
remain very closely connected. We 
cannot expect to find a good child 
machine at the first attempt. One must 
experiment with teaching one such 
machine and see how well it learns. 
One can then try another and see if 
it is better or worse. There is an ob- 
vious connection between this process 
and evolution, by the identifications 


Structure of the child machine = 
hereditary material 
Changes of the child machine — 
mutations 
Natural selection = 
judgment of the experimenter 


One may hope, however, that this 
process will be more expeditious than 
evolution. The survival of the fittest 
is a slow method for measuring ad- 
vantages. The experimenter, by the 
exercise of intelligence, should be able 
to speed it up. Equally important is 
the fact that he is not restricted to 
random mutations. If he can trace a 
cause for some weakness he can prob- 
ably think of the kind of mutation 
which will improve it. 

It will not be possible to apply ex- 
actly the same teaching process to the 
machine as to a normal child. It will 
not, for instance, be provided with 
legs, so that it could not be asked to 
go out and fill the coal scuttle. Pos- 
sibly it might not have eves. But how- 
ever well these deficiencies might be 
overcome by clever engineering, one 
could not send the creature to school 
without the other children making ex- 
fun of it. It must be given 
tuition. We need not be too 


cessive 
home 


concerned about the legs, eyes, ctc. 
The example of Miss Helen Keller 
shows that education can take place 
provided that communication in both 
directions between teacher and pupil 
can take place by some means or other. 

We normally associate punishments 
and rewards with the teaching process. 
Some simple child machines can be 
constructed or programmed on this 
sort of principle. The machine has to 
be so constructed that events which 
shortly preceded the occurrence of a 
punishment signal are unlikely to be 
repeated, whereas a reward signal in- 
creased the probability of repetition 
of the events which led up to it. These 
definitions do not presuppose any 
feelings on the part of the machine. 
I have done some experiments with 
one such child machine, and succeeded 
in teaching it a few things, but the 
teaching method was too unorthodox 
for the experiment to be considered 
really successful. 

The use of punishments and re- 
wards can at best be a part of the 
teaching process. Roughly speaking: 
if the teacher has no other means 
of communicating to the pupil. the 
amount of can 


information which 
reach him does not exceed the total 
number of rewards and punishments 
applied. By the time a child has learnt 
to repeat “Casabianca” he would 
probably feel very sore indeed, if the 
text could only be discovered by 4 
“Twenty Questions” technique, every 
"NO" taking the form of a blow. It is 
necessary therefore to have some other 
"unemotional" channels of commun! 
cation. If these are available it is PO 
sible to teach a machine by punish- 
ments and orders 
a sym- 
to 


rewards to. obey 
given in some language, e.g.. 
bolic language. These orders are 
be nansmited through the “UW 
emotional” channels. The use of this 
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language will diminish greatly the 
number of punishments and rewards 
required, 

Opinions may vary as to the com- 
plexity which is suitable in the child 
machine. One might try to make it 
as simple as possible consistent with 
the general principles. Alternatively 
one might have a complete system of 
logical inference "built in.“? In the 
latter case the store would be largely 
occupied with definitions and propo- 
sitions. The propositions would have 
various kinds of status, e.g. well-es- 
tablished facts, conjectures, mathe- 
matically proved theorems, statements 
given by an authority, expressions 
having the logical form of proposition 
but not belief-value. Certain propo- 
Sitions may be described as "impera- 
tives.“ The machine should be so con- 
structed that as soon as an imperative 
is classed "well established" the 
appropriate action automatically takes 
place. To illustrate this, suppose the 
teacher says to the machine, “Do your 
homework now." This may cause 
"Teacher says Do your homework 
now” to be included amongst the 
well-established Another such 
fact might be “I erything that 
teacher says is true." Combining these 
may eventually lead to the imperative, 
"Do your homework now," being in- 
cluded amongst the well-established 
facts, and this, by the construction of 
the machine, will mean that the home- 
Work actually gets started, but the ef- 
fect is very satisfactory. The processes 
of inference used by the machine need 
not be such as would satisfy the most 
exacting logicians. There might for 
instance be no hierarchy of types. But 
this need not mean that type fallacies 


facts 


* for our child 


2 Or rather “programmed in“ 
a digital 


machine will be programmed in 
computer. But the logical system will 
have to be learnt. 


not 


will occur, any more than we are 
bound to fall over unfenced cliffs. 
Suitable imperatives (expressed within 
the systems, not forming part of the 
rules of the system) such as “Do not 
use a class unless it is a subclass of 
one which has been mentioned by 
teacher" can have a similar effect to 
"Do not go too near the edge." 

The imperatives that can be obeyed 
by a machine that has no limbs are 
bound to be of a rather intellectual 
character, as in the example (doing 
homework) given above. Important 
amongst such imperatives will be ones 
which regulate the order in which the 
rules of the logical system concerned 
are to be applied. For at each stage 
when one is using a logical system, 
there is a very large number of alter- 
native steps, any of which one is per- 
mitted to apply, so far as obedience to 
the rules of the logical system is con- 
cerned. These choices make the dif- 
ference between a brilliant and a 
footling reasoner, not the difference 
between a sound and a fallacious one. 
Propositions leading to imperatives of 
this kind might be “When Socrates 
is mentioned, use the syllogism in 
Barbara" or “If one method has been 
proved to be quicker than another, 
do not use the slower method.” Some 
of these may be "given by authority," 
but others may be produced by the 
machine itself, e.g. by scientific induc- 


tion. 
The idea of a learning machine may 


appear paradoxical to some readers. 
How can the rules of operation of the 
machine change? They should de- 
scribe completely how the machine 
will react whatever its history might 
be, whatever changes it might un- 
dergo. The rules are thus quite time- 
invariant, This is quite truc. The ex- 
planation of the paradox is that the 
rules which get changed in the learn- 
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ing process are of a rather less pre- 
tentious kind, claiming only an 
ephemeral validity. The reader may 
draw a parallel with the Constitution 
of the United States. 

An important feature of a learning 
machine is that its teacher will often 
be very largely ignorant of quite what 
is going on inside, although he may 
still be able to some extent to predict 
his pupil's behavior. This should ap- 
ply most strongly to the later educa- 
tion of a machine arising from a child 
machine oi wellaried design (or pro- 
gramme). This is in clear contrast 
with normal procedure when using a 
machine to do computations: one's 
object is then to have a clear mental 
picture of the state of the machine 
at each moment in the computation 
This object can only be achieved with 

E with 

a struggle. The view that “the ma- 
M do what we know how 
to do,” 3? appears strange in 

face of this. Most of the programmes 
which we can put into the machine 
will result in its doing something that 
we cannot make sense of at all, or 
which we regard as completely ran. 
dom behaviour. Intelligent behaviour 
presumably consists in a departure 
from the completely disciplined be. 
haviour involved in computation, but 
a rather slight one, which does not 
give rise to random behaviour, or to 
pointless repetitive loops. Another im- 
portant result of preparing our ma- 
chine for its part in the imitation 
game by a process of teaching and 
learning is that "human fallibility" is 
likely to be omitted in a rather nat. 
ural way, i.e., without special "coach. 
ing." Processes that are learnt do 
not produce a hundred per cent cer- 


3 Compare Lady Lovelace’s statement which 
does not contain the word “only.” 


tainty of result; if they did they could 
not be unlearnt. 

It is probably wise to include a ran- 
dom element in a learning machine. 
A random element is rather useful 
when we are searching for a solution 
of some problem. Suppose for instance 
we wanted to find a number between 
50 and 200 which was equal to the 
square of the sum of its digits, we 
might start at 51 then try 52 and go 
on until we got a number that 
worked. Alternatively we might choose 
numbers at random until we got a 
good one. This method has the ad 
vantage that it is unnecessary to keeP 
track of the values that have been 
tried, but the disadvantage that one 
may uy the same one twice, but 
this is not very important if there 
are several solutions. The systematic 
method has the disadvantage that 
there may be an enormous block with- 
out any solutions in the region which 
has to be investigated first. Now the 
learning process may be regarded as 
Search for a form of behaviour whic 4 
will satisfy the teacher (or some other 
criterion). Since there is probably - 
very large number of satisfactory solu- 
tions the random method seems tO 1 
better than the systematic. It shoul 
be noticed that it 18 used in the analo- 
sous process of evolution. But APA 
the systematic method is not posib 
How could one keep track of the ¢ 10 
ferent genetical combinations that ha 
been tried, so as to avoid trying t 
again? 

We may hope that machin all 
eventually compete with men ich 
purely intellectual fields. But wit n 
are the best ones to start with? EYG 
this is a difficult decision. Many PCr 
think that a very abstract activit” 
the Playing of chess, would be 
It can also be maintained that 
best to provide the machine witl 


es will 
in 


best: 
it 
à the 
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best sense organs that money can buy, 
and then teach it to understand and 
speak English. This process could fol- 
low the normal teaching of a child. 
Things would be pointed out and 
named, etc. Again I do not know what 
the right answer is, but I think both 
approaches should be tried. 

We can only see a short distance 
ahead, but we can see plenty there 
that needs to be done. 
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In this article, the first chapter of sixteen in Tinbergen’s fascinat- 
ing book, Curious Naturalists, you will read a very human description 
of the ethological approach to understanding behavior. There are now 
a fair number of ethologists whose work includes elaborate field studies 
followed by specific experimentation—either in the field or in the labo- 
ratory—to test conjectures about the mechanisms of behavior which are 
at work. Here Tinbergen describes his studies of the bee-hunting wasp, 
Philanthus. This tiny creature with a literally microscopic brain and 
very primitive compound eyes displays a remarkable ability to find his 
way about visually in the natural world and to learn very rapidly how 
to make use of new landmarks when they become available. 

You might think about the following questions while reading this 
article. Do you think the wasp plans his food gathering expeditions in 
the same way as a man might plan a hunting trip? If not, what kinds of 
mechanisms do you suppose are at work? Do you think any of these ever 
play a role in a human's existence? How do you suppose the bee hunter 
is able to recognize a bee? Why don't they ever bring home 


other kinds 
of prey? Suppose that you were watching a given burrow 


and saw what 
and then returning 
if it was really the same 
asps were coming and going? 
any reinforcement (like the food 
aboratory experiments) in order to learn the posi- 
tion of new landmarks around their nests? 

Tinbergen now lives in England and occasionally uses words which 
may not be familiar to the American reader, The Chanterelle referred 
to is an edible mushroom! The crofter is a tenant farmer. 

If vou enjoy this chapter as much as we have, you may wish to buy the 
paperback, Curious Naturalists, published in the N 


atural History Library 
bv Doubleday and Company. 


seemed to be a single wasp going in, flying away 
after a few minutes. How could you find out 
wasp or whether perhaps several different w 
Do you think that the wasps depend on 
pellets given to rats in! 
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As a child I thoroughly 
sects and alwa 
from crawling over one’s skin, they all 
might bite or 
many 
habits of one 
wasps, Philanthus. 
gradually I grew very fond of this in- 
sect and of many others. 
terest to the lovely 
shorst. l 


spent 


In my early twenties, 


been 


years, I still showed 
occupation with hockey, pole-jumpins, 
skating, camping and 
phy. My zoology professor did not al- 
together approve of this: 
had given me up as an incipient zoolo- 
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HULSHORST 


Nicolaas Tinbergen 


disliked in- cottage 


js suspected that, apart 


amid w 
sting. Later, however, 1 
summers studying the 
of the fiercest of digger 
the bee-killer, and 


for notl 


regular 
such as 
| owe this in- 
country of Hul- 

the 
when I had the hill 
student for several 


a certain pre- 


zoology 
covered 


other p. 
bird-photogra- of the 
blown 
sparse 
broke 


in fact, he 


heaths and sand 
Zuiderzec. Several square miles of 


Pines, and little 
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in one ol che less densely pop- 


ulated areas of crowded little Holland, 


ide expanses of glacial sands 


which, fortunately enough, were good 


hing except, on the best parts, 


growing low-quality timber. Some ir- 


strips of fine deciduous trees 
Beech and Oak bordered a 


brook that wound its way through the 


dunes on its way to 


y sands had been planted with 


Scots Pine, but large stretches were 


with a carpet of Heather, and 
arts again were just bare sand 
Isolated wind- 
dunes with a 
Marram Grass 
these arid 


poorest sort. 


vegetation of 


the monotony of 


Bist, and I cannot altogether blame plains. 

him. Yet I was a budding naturalist— But don't think that this country 
of a kind—and without being aware of was dull—far from it! On countless 
it I was waiting for the critical stumu- long walks, at first in the summer, 


lus that would start me on what was 
to become my hobby 

The summer vacation usually found 
my parents, with all their children and 
many friends, in occ upation ofa smal 
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The cool green Beech w 


and Woodco 


deer nibbling at [resl 
drinking in a quiet corner. 


all seasons of the year, We dis- 
hidden treasures. 
ood bordering 
ok harboured such fine birds as 
voodpeckers. Honey Buzzards 
(k. Quietly following the 
we often surprised Roe- 
green shoots, or 
In the au- 
vhen the fallen Beech leaves 
like polished copper, we were 
d to find the most wonderful 


its many 


ream, 
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mushrooms; collecting the edible spe- 
cies gave a culinary value to our lei. 
surely walks, and made us sympathize 
with the Red Squirrels who were busy 
nibbling at acorns or burying them. 

The Scots Pine plantations, at first 
glance so monotonous, were full of 
fascinating creatures, many of them 
beautifully camouflaged. The larvae 
of the Pine Hawk Moths and sev- 
eral other caterpillars were living 
among the needles, eating away stead- 
ily, blending with their background 
through their wonderful pattern of 
green and white stripes. In the poorer 

parts of the woods, where the trunks 
were covered with lichens, a peculiar 
fauna of spiders, bugs and moths was 
found, all matching their bac kground 
by their remarkably efficient. colour 
patterns of a pale lichen green covered 
with black blotches. 

On the greenish grey carpet of rein- 
deer moss, soft as velvet or crisp as 
toast, according to the weather, 
the lovely orange-ochre Chanterelles 
glowed all through the summer and 
autumn—and they supplied us with 
many a good meal. 

Flocks of tits travelled through the 
tops of the trees, continually whisper- 
ing to keep in touch with each other. 
Their whispers stopped only when a 
sharp ‘zee’ of one of them warned 
them of an attacking Sparrow Hawk. 
These, as well as their bigger cousins, 
the Goshawks, could be found nesting 
in the older parts of the woods. 

One dramatic winter day found us 
walking through these woods during 
a fierce blizzard. Starting as rain, then 
turning to sleet, then, with dropping 
temperature, into dry snow, huge 
masses of moisture were hurled down 

on the wood, stuck to the needles and 
the twigs, and finally, through their 
accumulated weight, began to break 
even the strongest branches. Above the 


roar of the gale, the cracking and 
snapping of the overloaded branches 
rang through the woods like so many 
rifle shots. Looking at this, not with 
the eyes of a forester but with those 
of the naturalist, we thought ourselves 
fortunate in witnessing one of those 
rare, critical days, so interesting to 
the ecologist because they may well 
have tremendous consequences for 
wild life. 

Quite different were the wide heaths. 
In late summer, when the Heather 
bore its myriads of flowers, there was 
a purple glow over the undulating 
plains, fading away in the heat haze, 
the horizon shimmering and quiver- 
ing in the hot sun. The flowers of the 
Heather, producing a delicious nectar, 
attracted innumerable insects, whose 
continuous buying was as much part 
of the scene as the sound of the surf 
is part of the sea shore. Here and 
there we would find rows of primitive 
straw bee-hives, belonging to small 
crofters living up to twenty miles away, 
who had carted them up for the short 
but prolific season. 

On long walks one could suddenly 
chance upon tiny moors, with cotton 
grass and many colourful plants; a 
family of Curlews disturbed by our 
intrusion would fly off, uttering their 
melodious calls. 

Finally, even the bare sandy stretches 
had a charm of their own. The sparse 
vegetation could not manage to cover 
the soil entirely, and on windy days 
the sand was blown over the dune 
crests. Thus, the small hills were con- 
tinually on the move, and since south- 
westerly winds prevail in this part. of 
the world, the bulk of the sand was al- 
ways shifting to the north-east. On the 


south-westerly edge of the sands there 
were flat, blown-out pl 


ains, whereas on 
the north-east 


side the bare sand 
tongues moved slowly but irresistibly 


forward, burying everything in their 
path, heath and forest alike. 

On the flats the gravel, too heavy 
to be blown away, was left behind, 
and this put a stop to wind erosion. 
Lichens, mosses, grasses and finally 
Pine seedlings settled here, and grad- 
ually such. plains were covered by a 
very open vegetation of Pine, Calluna, 
and scattered. patches of lichens and 
mosses. 

The sands, and these natural Pine 
woods, were not as poor as they might 
seem. They were lovely insect country. 
Thousands of Ant Lions preyed on 
the Red Wood Ants which abounded 
where isolated Oak and Birch trees 
Supported a rich supply of insects. 
ee Hawk Moths lived on the iso- 
ieu Nightjars were abundant. 
of de eig lived on the droppings 

any Rabbits; on sunny days 
they flew about high up in the sky, 
and Hobbies, those elegant little fal- 
cons, spent hours hawking them on 
the wing. Tiger Beetles, large preda- 
tory flies (Asilus) and many kinds of 
burrowing wasps earned a living by 
preying on other insects, either those 
living there on the sparse vegetation 
or others, such as the hapless Crane 
Flies, that strayed into the area. 

We lived in that country long 
enough to have seen it in a great va- 
riety of circumstances and moods, and 
gradually every part of it acquired sig- 
nificance; the whole area became 
charged with our experiences, many 
of which I shall never forget. Here we 
had found the flint implements left 
by people living in this place several 
thousand years ago. There we had seen 
the lightning strike a tree, shattering 
its bark, and throwing large pieces of 
it all around. At another place, right 
in the middle of the sands, we had 
found another witness of lightning, 
where it had struck the ground—a ‘ful- 
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gurite’ or tube of molten sand. We 
dug the whole thing up, all 12 ft. of 
it, and it is now in the Leiden Geo- 
logical Museum. 

Some parts of the woods are forever 
imprinted in our memory as the 
haunts of the Goshawk; we spent 
many hours in a tree-top hide watch- 
ing this formidable predator feeding 
its young in the large nest. And one 
particular corner of the sands, a 
blown-out, flat valley of a quarter of 
a mile square, is my favourite spot 
since it was there that I discovered 
Philanthus, the digger wasp that made 
me take up my first. experimental 
study—and so helped me to gain some 
self-respect. 

On a sunny day in the summer of 
1999 I was walking rather aimlessly 
over the sands, brooding and a little 
worried. I had just done my finals, 
had got a half-time job, and was hop- 
ing to start on research for a doctor's 
thesis. I wanted very much to work on 
some problem of animal behaviour 
and had for that reason rejected some 
suggestions of my well-meaning super- 
visor. But rejecting sound advice and 
taking one’s own decisions are two 
very different things, and so far I had 
been unable to make up my mind. 

While walking about, my eye was 
caught by a bright orange-yellow wasp 
the size of the ordinary jam-loving 
Vespa. lt was busying itself in a 
strange way on the bare sand. With 
brisk, jerky movements it was walking 
slowly backwards, kicking the sand 
behind it as it proceeded. The sand 
flew away with every jerk. I was sure 

ger wasp. The only 


that this was a dig 
kind of that size ] knew was Bembex, 


the large fly-killer. But this was no 
Bembex. I stopped to watch it, and 
soon saw that it was shovelling sand 
out of a burrow. After ten minutes of 
this, it turned round, and now, facing 
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away from the entrance, began to rake 
Toose sand over it. In a minute the en- 
trance was completely covered. Then 
the wasp flew up, circled a few times 
round the spot, describing wider and 
wider loops in the air, and finally flew 
off. Knowing something of the way of 
digger wasps, I expected it to return 
with a prey within a reasonable time, 
and decided to wait. 

Sitting down on the sand, I looked 
round and saw that I had blundered 
into what seemed to be a veritable 
wasp town. Within ten yards I saw 
more than twenty wasps occupied at 
their burrows. Each burrow had a 
patch of yellow sand round it the size 
of a hand, and to judge from the num- 
ber of these sand patches there must 
have been hundreds of burrows. 

I had not to wait long before I saw 
a wasp coming home. It descended 
slowly from the sky, alighting after the 
manner of a helicopter on a sand 
patch. Then I saw that it was carry- 
ing a load, a dark object about its own 
size. Without losing hold of it, the 
wasp made a few raking movements 
with its front legs, the entrance be- 
came visible and, dragging its load 
after it, the wasp slipped into the hole. 

At the next opportunity I robbed a 
wasp of its prey, by scaring it on its 
arrival, so that it dropped its burden. 
Then I saw that the prey was a Honey 
Bee. 

I watched these wasps at work all 
through that afternoon, and soon be- 
came absorbed in finding out exactly 
what was happening in this busy in- 

sect town. It seemed that the wasps 
were spending part of their time work 
ing at their burrows. Judging from the 
amount of sand excavated these must 
have been quite deep. Now and then 
a wasp would flv out and, after half an 
hour or longer. return with a load, 
which was then dragged in. Fvery time 


I examined the prey, it was a Honey 
Bee. No doubt they captured all these 
bees on the heath for all the to and 
fro traffic was in the direction of the 
south-east, where I knew the nearest 
heath to be. A rough calculation 
showed that something was going on 
here that would not please the owners 
of the bee-hives on the heath; on a 
sunny day like this several thousand 
bees fell victims to this large colony of 
killers! 

As I was watching the wasps, I be- 
gan to realize that here was a wonder- 
ful opportunity for doing exactly the 
kind of field work I would like to do. 
Here were many hundreds of digger 
wasps—exactly which species I did not 
know yet, but that would not be diffi- 
cult to find out. I had little doubt 
that each wasp was returning regularly 
to its own burrow, which showed that 
they must have excellent powers of 
homing. How did they manage to find 
their way back to their own burrow? 

At that time the excellent studies of 
several German zoologists, notably E. 
Wolf, had already proved that Honey 
Bees were quite good at homing, and 
much had already been discovered of 
the way they did it. But I knew that 
the homing abilities of solitary wasps 
were still unexplored, and that the 
observations of that master of entomol- 
ogy, Henry Fabre and of his followers, 
such as Ferton, Rau and others, rather 
suggested that such wasps had quite 
Mysterious powers of finding their 
way back to their own burrows. But 
the work of these naturalists, though 
admirable in many ways, had always 
left me Unsatisfied, and obviously 
something had to be done about this 
problem. Here seemed to be a first 
rate opportunity. I then and there de- 
cided to tackle it. 

There was another puzzling thing 
about these wasps. If they specialize? 


so entirely on Honey Bees—as they 
seemed to do—how did they recognize 
them among the teeming thousands of 
insects of so many kinds that were 
feasting on the Heather? Would it be 
Possible to find out? 

My worries were over; I knew what 
I wanted to do. This day, as it turned 
out, was a milestone in my life. For 
several years to come I was to spend 
my summers with these wasps, first 
alone, then with an ever-growing 
group of co-workers, most of them 70- 
ology students of the University of 
Leiden. Soon we began to study other 
Insects as well, and thus started what 
has come to be a tradition in our 
Zoology Laboratory, of organizing bio- 
logical summer camps year after year 
at Hulshorst. We owe a great debt of 
gratitude to the generous owner of 
this lovely stretch of country, Mr. A. 
E. Jurriaanse, who so cordially wel- 
comed us every summer, who allowed 
Us to go about our business (which 
Must at times have seemed à little 
odd), and who gave us support of so 
many kinds. 

When in 1949 I left Holland to set- 
Ue in Oxford my colleague, Dr. Jun 


Van Iersel, took over and, while I write 
this, the Hulshorst work is still going 
led 


Strong on a considerably expanc 
Scale. 


Settling down to work, I started 
Spending the wasps’ working days 
(which lasted from about 8 a.m. till 6 
P. m. and so did not put too much of 
a strain on me) on the ‘Philanthus 
plains’, as we called this part of the 
sands as soon as we had found out 
that Philanthus triangulum Fabr. was 
the official name of this bee-killing dis- 
ger wasp. Its vernacular name was 
Bee-Wolf', 

An old chair, field glasses, note 
books, and food and water for the day 
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were my equipment. The local climate 
of the open sands was quite amazing, 
considering that ours is a temperate 
climate. Surface temperatures of 110° 
F were not rare, and judging from the 
response of my skin, which developed 
a dark tan, I got my share of ultra- 
violet radiation. 

My first job was to find out whether 
each wasp was really limited to one 
burrow, as I suspected from the un- 
hesitating way in which the home-com- 
ing wasps alighted on the sand patches 
in front of the burrows. I installed 
myself in a densely populated quarter 
of the colony, five yards or so from a 
group of about twenty-five nests. Each 
burrow was marked and mapped. 
Whenever I saw a wasp at work at a 
burrow, I caught it and, after a short 
unequal struggle, adorned its back 
with one or two colour dots (using 
quickly drying enamel paint) and re- 
leased it. Such wasps soon returned to 
work, and after a few hours I had ten 
wasps, each marked with a different 
combination of colours, working right 
in front of me. It was remarkable how 
this simple trick of marking my wasps 
changed my whole attitude to them. 
From members of the species Philan- 
thus triangulum they were trans- 
formed into personal acquaintances, 
whose lives from that very moment be- 
came affairs of the most personal in- 
terest and concern to me. 

While waiting for events to develop, 
I spent my time having a close look 
at the wasps. A pair of lenses mounted 
frame that could be worn as 
abled me, by crawling up 
slowly to a working wasp, to observe 
it, much enlarged, from a few inches 
When seen under such circum- 
insects reveal a marvel- 
ally unexpected as long 
them with the unaided 
ny lenses I could look 


on a 
spectacles en 


away. 
stances most 
lous beauty, tot 
as you observe 
eye. Through r 
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at my Philanthus right into their huge 
compound eyes; I saw their enormous, 
claw-like jaws which they used for 
crumbling up the sandy crust; I saw 
their agile black antennae in continu- 
ous, restless movement; I watched 
their yellow, bristled legs rake away 
the loose sand with such vigour that 
it flew through the air in rhythmic 
puffs, landing several inches behind 
them. 

Soon several of my marked wasps 
stopped working at their burrows, 
raked loose sand back over the en- 
trance, and flew off. The take-off was 
often spectacular. Before leaving they 
circled a little while over the burrow, 
at first low above the ground, soon 
higher, describing ever widening 
loops; then flew away, but returned to 
cruise once more low over the nest. 
Finally, they would set out in a bee- 
line, fifteen to thirty feet above the 
ground, a rapidly vanishing speck 
against the blue sky. All the wasps 
disappeared towards the south-east. 
Half a mile away in that direction the 
bare sands bordered upon an extensive 
heath area, buzzing with bees. This, 
as I was to see later, was the wasps’ 
hunting area. 

The curious loops my wasps de- 
scribed in the air before leaving their 
home area had been described by 
other observers of many other digger 
wasps. Philip Rau had given them the 
name of ‘locality studies’. Yet so far 
nobody had proved that they deserved 
that name; that the wasps actually 
took in the features of the burrow’s 
surroundings while circling above 
them. To check this if possible was 
one of my aims—I thought that it was 
most probable that the wasps would 
use landmarks, and that this locality 

study was what the name implied. 
First, however, I had to make sure that 


my marked wasps would return to 
their own holes. 

When my wasps had left, there be- 
gan one of those periods of patient 
waiting which are usual in this kind 
of work. It was, of course, necessary to 
be continually on the look-out for re- 
turning wasps; at the same time it 
was tempting to look round and watch 
the multitude of other creatures that 
were busy on the hot plains. For I soon 
discovered that I had many neigh- 
bours. First of all, there were other 
diggers about. Among the Philanthus 
burrows there were some that looked 
different—the sand patches were a 
little larger and less regular. These 
belonged to the largest of our digger 
wasps, the fly-killing Bembex, that is 
almost the size of a Hornet. Buzzing 
loudly, flying with terrific speed low 
over the ground, these formidable 
wasps dashed to and fro, and it took 
me a long time before I saw more of 
them than a momentary sulphur-yel- 
low flash. A Leafcutter Bee was com- 
ing home carrying its wall paper’, a 
neat circular disc cut out of a rose leaf. 
Its burrow, sc arcely visible, was in the 
carpet of dry moss just beyond the 
Philanthus settlement. Robber Flies 
(Asilus crabroniformis) whizzed past, 
catching flies and other insects in the 
air. Sometimes they would make a mis- 
take and attack Philanthus. A brief but 
furious buzzing Struggle, and the two 
fell apart, Asilus darting off to find a 
less petulant prey, Philanthus return- 
ing to its burrow, Small grasshoppers 
came walking by, greedy and single- 
minded, devouring one grass shoot 
after the other, or spending hours 
chirping their song, or courting, with 
pathetic perseverance, seemingly un- 
concerned females. 


On some days we saw endless proces- 


sions of migrating Cabbage White but- 


terflies crossing the plains in a con- 
tinuous stream of scattered formations, 
usually going north-west. Hobbies 
came and levied their toll on them, as 
well as on the many dragonflies and 
the clumsy Dung Beetles. Bumblebees 
often zoomed past on their long, mys 
terious trips and, like the Cabbage 
Whites, would show their interest in 
nectar-filled blue flowers by alighting 
on anything blue in our equipment. 

In August the monotony of the deep 
blue sky might be broken by a lonely 
Osprey, flying in from his fishing 
grounds north of us—the coastal wa- 
ters of the Zuiderzee—to settle in the 
crown of an old Pine, there to dream 
away the hours of digestion. Or 
a group of lovely, black-and-white 
Storks, on migration to Africa, might 
come sailing by, stopping in the rising 
air over the hot sands to soar up in 
wide circles, higher and higher, until 
they resumed their glide south in 
search of the next ‘thermal’. Thus sit- 
ting and waiting for the wasps was 
never dull, if only one kept one’s eyes 
open. 

To return to my n 
fore the first day was O 
them had returned with 
had returned twice or 
times. At the end of that day it was 
clear that each of them had its own 


nest, to which it returned regularly. 
days I extended 


jarked wasps: be- 
ver, each of 
a bee; some 
even three 


On subsequent 
these observations and found ow 
some more facts about the wasps 


daily life. As in other species, the 
digging of the large burrows and the 
capturing of prey that served as food 
for the larvae was exclusively the task 
of the females. And a formidable task 
it was. The wasps spent hours digging 
the long shafts, and throwing the sand 
out. Often. they stayed down for a 
time and, waiting for them to re- 
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appear, my patience was often put to 
a hard test. Eventually, however, there 
would be some almost imperceptible 
movement in the sand, and a small 
mound of damp soil was gradually 
lifted up. little by little, as ifa minia- 
ture Mole were at work. Soon the wasp 
emerged, tail first, and all covered with 
sand. One quick shake, accompa- 
nied by a sharp staccato buzz, and the 
wasp was clean. Then it began to mop 
up, working as if possessed, shovelling 
the sand several inches away from the 
entrance. 

I often tried to dig up the burrows 
to see their inner structure. Usually 
the sand crumbled and I lost track of 
the passage before I was ten inches 
down, but sometimes, by gently prob- 
ing with a grass shoot first, and then 
digging down along it, I succeeded 
in getting down to the cells. These 
were found opening into the far end 
of the shaft, which itself was a narrow 
tube, often more than 2 ft. long. Each 
cell contained an egg or a larva with 
a couple of Honey Bees, its food store. 
A burrow contained from one to five 
cells. Each larva had its own living 
room-cum-larder in the house, pro- 
vided by the hard-working female. 
From the varying number of cells I 
found in the nests, and the varying 
ages of the larvae in one burrow, I 
concluded that the female usually 
filled each cell with bees before she 
started to dig a new cell, and I as- 
sumed that it was the tunnelling out 
of a new cell that made her stay down 
for such long spells. 

] did not spend much time digging 
e burrows, for I wanted to ob- 
serve the Wasps while they were un- 
disturbed. Now that I was certain that 
each wasp returned regularly to her 
own burrow, ] was faced with the 
problem of her orientation. The en- 


up th 
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tire valley was littered with the yellow 
sand patches; how could a wasp, after 
a hunting trip of about a mile in all, 
find exactly her own burrow? 

Having seen the wasps make their 
‘locality studies’, I naturally believed 
that each female actually did what 
this term implied: take her bearings. 
A simple test suggested that this was 
correct. While a wasp was away I 
brushed over the ground surrounding 
the nest entrance, moving all possible 
landmarks such as pebbles, twigs, 
tufts of grass, Pine cones, etc., so that 
over an area of 3-4 square metres 
none of them remained in exactly the 
same place as before. The burrow it- 
self, however, I left intact. Then I 
awaited the wasp's return. When she 
came, slowly descending from the 
skies, carrying her bee, her behavior 
was striking. All went well until she 
was about 4 ft. above the ground. 
There she suddenly stopped, dashed 
back and forth as if in panic, hung 
motionless in the air for a while, then 
flew back and up in a wide loop, came 
slowly down again in the same way, 
and again shied at the same distance 
from the nest. Obviously she was se- 
verely disturbed. Since I had left the 
nest itself, its entrance, and the sand 
patch in front of it untouched, this 
showed that the wasp was affected by 
the change in the surroundings. 

Gradually she calmed down, and 
began to search low over the disturbed 
area. But she scemed to be unable to 
find the nest. She alighted now here, 
now there, and began to dig tenta- 
tively at a variety of places at the 
approximate site of the nest entrance. 
After a while she dropped her bee 
and started a thorough trial-and-error 
search. After twenty-five minutes or 
so she stumbled on the nest entrance 
as if by accident, and only then did 


she take up her bee and drag it in. 


A few minutes later she came out 
again, closed the entrance, and set 
off. And now she had a nice surprise 
in store for me: upon leaving she 
made an excessively long "locality 
study’: for fully two minutes she 
circled and circled, coming back again 
and again to fly over the disturbed 
arca before she finally zoomed off. 

I waited for another hour and a 
half, and had the satisfaction of secing 
her return once more. And what I had 
hoped for actually happened: there 
was scarcely a trace of hesitation this 
time. Not only had the wasp lost her 
shyness of the disturbed soil, but she 


now knew her way home perfectly 
well. 


I repeated this test with a number 
of wasps, and their reactions to my 
interference were roughly the same 
each time. It seemed probable, there- 
fore, that the wasps found their way 
home by using something like land- 
marks in the environment, and not by 
responding to some stimulus (visual 
or otherwise) sent out by the nest it- 
self. I had now to test more critically 
whether this was actually the case. 

The test I did next was again quite 
simple. If a wasp used landmarks it 
should be possible to do more than 
merely disturb her by throwing her 
beacons all over the place; I ought 
to be able to mislead her, to make her 
go to the wrong place, by moving the 
whole constellation of her landmarks 
over a certain distance, I did this at 
a few nests that were situated on bare 
sandy soil and that 


had only a few, 
but conspicuous 


objects nearby, such 
as twigs, or tufts of grass. After the 
owner of such a 


nest was gone, I 
moved these 


two or three objects à 
foot to the south-west, roughly at right 
angles to the expected line of ap- 
proach. The result was as I had hoped 
for and expected, and yet I could not 


help being surprised as well as de- 
lighted: each wasp missed her own 
nest, and alighted at exactly the spot 
where the nest ‘ought’ to be according 
to the landmarks’ new positions! I 
could vary my tests by very cautiously 
shooing the wasp away, then moving 
the beacons a foot in another direc- 
tion, and allowing the wasp to alight 
again. In whatever position I put the 
beacons, the wasp would follow them. 
At the end of such a series of tests I 
replaced. the landmarks in their orig- 
inal position, and this finally enabled 
the wasp to return to her home. Thus 
the tests always had a happy ending 
for both of us. This was no pure 
altruism on my part—I could now use 
the wasp for another test if 1 wished. 
When engaged in such work, it is 
always worth observing oneself as well 
as the animals, and to do it as criti- 
cally and as detachedly as possible— 
which, of course, is a tall order. I have 
often wondered why the outcome of 
such a test delighted me so much. A 
rationalist would probably like to as- 
sume that it was the increased pre- 
anal resulting from the test. 
M 3 factor of considerable im- 
, lam sure. But a more im- 
8 88 ele stil! (not only to me, 
satin Pg other people I have 
LG this situation) is of a less 
dignified type: people enjoy, they 
relish the satisfaction of their desire 
for power. The truth of this was ob- 
vious, for instance, in people who en- 
Joyed seeing the wasps being misled 
without caring much for the intellec- 
tual question whether they used land- 
marks or not. I am further convinced 
that even the joy of gaining insight 
was not often very pure either; it was 
mixed with pride at having had suc 
cess with the tests. 
To return to the wasps: next I tried 
to make the wasps use landmarks 
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which I provided. This was not only 
for the purpose of satisfying my lust 
for power, but also for nobler pur- 
poses, as I hope to show later. Since 
changing the environment while the 
wasp was away disturbed her upon 
her return and even might prevent her 
from finding her nest altogether, I 
waited until a wasp had gone down 
into her nest, and then put my own 
landmarks round the entrance—six 
teen. Pine cones arranged in a circle 
of about eight inches diameter. 

The first wasp to emerge was a little 
upset, and made a rather long locality 
study. On her return home, she hesi- 
tated for some time, but eventually 
alighted at the nest. When next she 
went out she made a really thorough 
locality study, and from then on every- 
thing went smoothly. Other wasps be- 
haved in much the same way, and next 
day regular work was going on at five 
burrows so treated. 1 now subjected 
all five wasps, one by one, to a dis- 
placement test similar to those already 
described. The results, however, were 
not clear-cut. Some wasps, upon re- 
turning, followed the cones; but others 
not fooled, and went straight 
bea- 


were 
home, completely ignoring my 
Others again seemed to be un- 


cons. 
up their minds, and 


able to make 
oscillated between the real nest and 
the ring of cones. This half-hearted 
behaviour did not disturb me, how- 
ever, for if my idea was correct—that 
the wasps use landmarks—one would 
rather expect that my tests put the 
wasps in a kind of conflict situation: 
landmarks which they 
must have been using before I gave 
them the Pine cones were still in their 
original position; only the cones had 
been moved. And while the cones were 
very conspicuous landmarks, they had 
been there for no more than one day. 
I therefore put all the cone-rings back 


the natural 
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and waited for two more days before 
testing the wasps again. And sure 
enough, this time the tests gave a hun- 
dred per cent preference for the Pine 
cones; I had made the wasps train 
themselves to my landmarks. 

The rest of this first summer I spent 
mainly in consolidating this result in 
various ways. There was not much 
time to do this, for the season lasts 
only two months; by the end of Au- 
gust the wasps became sluggish, and 
soon after they died, leaving the des- 
tiny of their race in the hands of the 
pupae deep down in the sand, which 
were to lie there dormant until next 
July. And even in this short summer 
season the wasps could not work 
steadily, but were active on dry sunny 
days only—and of these a Dutch sum- 
mer rarely supplies more than about 
twenty in all. 

However, I had time to make sure 
that the wasps relied for their homing 


Figure 109 

A homing test. Philanthus re- 
turns to the displaced pine 
cones and fails to find her 
burrow. 


mainly on vision. First, I could cut 
off their antennae—the bearers of deli- 
cate organs of smell, of touch and of 
other sense organs—without at all dis- 
turbing their orientation. Second, 
when, in other tests, I covered the 
eyes of intact wasps with black paint, 
the wasps could not fly at all. Remov- 
ing the cover of paint restored their 
ight, and with it their normal 
behaviour. Furthermore, when I 
trained a wasp to accept a circle of 
Pine cones together with two small 
Squares of cardboard drenched in Pine 
oil, which gave off a strong scent, 
displacement of the cones would mis- 
lead the was 


1 sin the usual way, but 
moving the scented squares had not 
the slightest effect. Finally, when 
wasps used to rings of cones were 
given, instead of cones, a ring of grey 
pebbles a foot from the nest, they fol- 
lowed these pebbles. This can only 
have been due to the pebbles being 
visually similar to the cones. 

This was about as far as I got in 
that first summer, I had had my first 
thrills as an experimenter. However 
simple my observations and tests had 
been, they had led me to some real 
discoveries, I had tasted that par- 
ticular brand of triumph that is the 
reward of true exploration. From now 
on my plans for the summer vacations 
for years to come were made: I had to 
keep going back to Hulshorst 
out more about the bee-killers. As it 
turned out, this decision fixed the 
summer plans of my wife, of all our 
children, and of several 'generations' 
of students as wel]: for the field work 
on the sandy plains went on for many 
Years, even after the bee-killers, un- 
usually abundant in these first years, 
had fallen back to their normal status 
of a relatively rare species, and so 
forced us to abandon their study. 


and find 


There has long been a movement in psychology to explain all 
overt behavior as simple stimulus-response (S-R) associations. As a result 
of the past history of an organism, given stimuli are automatically fol- 
lowed by certain responses and behavior patterns are completely deter- 
mined by these simple connections. 

In the brief section which follows, wW. 
of view that thinking is essentially subvocal speech—simply a low inten- 
sity form of talking. Accordingly, thinking, like talking, and therefore 
-t response should be thought of as simple stimulus- 
As you read this remember that it is an extreme 
example of the connectionist point of view—so extreme as to appear al- 
But the general idea that all behavior, overt 
as stimulus-response associations is still 
gy. As you read Watson’s sec- 
argument but also on the 


atson outlines the extreme point 


like any other over 
response association. 


most as a caricature today. 
and covert, should be thought of 
a in modern psycholo; 
t only on this specific 
conception of behavior. 


VERY, prominent ide 
tion, try to reflect no 
more general stimulus-response 
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WHAT IS THINKING? 


John B. Watson 


Before trying to understand the be- 
haviorists’ theory of thinking, won't 
the reader please pick up any intro- 
spective psychological text and read 
the chapter on thinking? Won't he 
then try to digest some of the pabu- 
lum the philosophers have offered us 
on this all-important function? I have 
tried to understand it. I had to give 
it up. I believe the reader will give it 
up too. But until he has read their 
explanations, don't quarrel with the 
behaviorist for weaknesses in his pres- 
entation. His own theory is quite sim- 
ple. The only difficulty about it lies 
in our previous organization. We be- 
gin to resist it, to show negative reac- 
tions, the moment we hear about it. 
We have been trained both at our 
mother's knee and in psychological 
laboratories to say that thinking is 
something peculiarly | uncorporeal, 
something very intangible, very eva- 
nescent, something peculiarly mental. 
To the behaviorist this resistance is 
due to the reluctance of the psychol- 
ogists to give up the teaching of reli- 
gion in their psychology. Thinking, 
on account ol the concealed. nature of 


Reprinted with permission. from Behaviorism 
by Jolin B. Watson, W, W. Norton © Gom 
pany, Inc. Copyright. 1924, 1925 by the Peo 
ples Institute Publishing Ga. Ine. Copyright 
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edition Copyright 1930 by W. W Norton ~ 
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the musculature with which it is done, 
has always been inaccessible to un- 
aided observation and to direct ex- 
perimentation. And there is always a 
strong inclination to attach a mystery 
to something one can't see. As new 
scientific facts are discovered we have 
fewer and fewer phenomena which 
«annot be observed, hence fewer and 
fewer pegs upon which to hang folk- 
lore. The behaviorist advances a natu- 
ral science theory about thinking 
which makes it just as simple, and 
just as much a part of biological proc- 
esses, as tennis playing. 


The Behaviorist’s View 
of Thought 


The behaviorist advances the view 
that what the psychologists have hith- 
erto called thought is in short nothing 
but talking to oiselves, The evidence 
for this view is admittedly largely 
theoretical but it is the one the- 
ory so far advanced which explains 
thought in terms of natural science. 
I wish here expressly to affirm that in 
developing this view I have never be 
lieved that. the laryngeal movement 
as such played. the predominating 
role in thought. I admit that in my 
former presentations I have, in order 
4% gain pedagogical simplicity, ex- 
pressed myself in ways which can be 
so mterpreted. We have all had the 
proofs before us time and again that 


the larynx can be removed without 
completely destroying a person's abil- 
ity to think. Removal of the larynx 
does destroy articulate speech but it 
does not destroy whispered speech. 
Whispered speech (without articula- 
tion) depends upon muscular re- 
sponses of the check, tongue, throat 
and chest—organization which, to be 
sure, has been built up with the use 
of the larynx, but which remains ready 
to function after the larynx has been 
removed. Any one who has read my 
various presentations knows that I 
have tried everywhere to emphasize 
the enormous complexity of the mus- 
culature in the throat and chest. To 
claim that a mass of cartilage such as 
that composing the larynx is respon- 
sible for thought (internal speech) is 
like saying that the bone and cartilage 
that make up the elbow joint. form 
the chief organ with which one plays 
tennis, 

My theory does hold 
cular habits learned in 
are responsible for impli 
Speech (thought). It holds, too, that 
there are hundreds of muscular conr 
binations with which one can say 
cither aloud or to himself almost ans 
word, so rich and so flexible is lan- 
8uage organization and so varied are 
our overt speech habits. A good imi- 
tator, we know, can say the same 
Phrases in dozens of different ways. in 
à bass voice, in a tenor voice, in a 
mezzo, in a soprano, in a loud whisper. 
In a soft whisper, as an English cock- 
ney would say them, as 4 broken- 
English-speaking Frenchman would 
say them, as a Southerner would say 


that the mus- 
overt speech 
cit or internal 


WHAT IS THINKING? 177 
them, as a child. The number and 
variety of habits we form in the speak- 
ing of almost every word is thus well- 
nigh legion. We use speech, from in- 
[fancy on, a thousand times to using 
our hands once. From this circum- 
stance there grows up a complexity 
of organization which even the psy- 
chologist seemingly cannot grasp. 
Again, after our overt speech habits 
are formed, we are constantly talking 
to ourselves (thought). New combina- 
tions occur, new complexities arise, 
substitutions take place—for ex- 


new 
ample, where the shrug of the shoul- 
ders or the movement of any other 


bodily part becomes substituted for a 
word. Soon, any, and every bodily re- 
sponse nay become a word substitute. 

The alternative sometimes advanced 
to this theory is that so-called central 
processes may take place in the brain 
so faintly that no neural impulse 
s out over the motor nerve to the 
muscle, hence no response takes place 
in the muscles and glands. Even Lash- 
ley and his students, on account of 
their strong interest in the nervous 
system, seem to hold this view. Re- 
cently Agnes M. Thorson has found 
that tongue movements are not uni- 
versally present in internal speech. 
This, even if true, can have no bearing 
the present view. The tongue, 


passe 


upon 
while bearing very delicate receptors, 
is on the muscular side a bulk organ 


for rolling our food around. It plays 
a part in internal speech to be sure, 
but probably about the same part that 
the fist of the jazz cornet player plays 
when he thrusts it into the horn to 


modify the sound. 


A small number of human activities seem to be re i 
terized as simple, quickly occurring responses elicited by an equally sim- 
ple 5 The human eye blink is one such case; but, by far the 
greater proportion of human activities seems more readily thought of in 
terms of an organized series of responses. For example, there is an elabo- 
rate and integrated series of tongue, lip, and Jaw movements involved in 
the simple pronunciation of the word “the.” Other sequences are in- 
volved in overt behaviors such as taking a step, hitting a nail with a 
hammer, or balancing an orange on your nose, 
logical model for such series of movements or acti 
chain: one response occurs 
the next response to occur. 


lowing one, etc. In cert ations this model may be appropriate. A 
painter may make a stroke on his canvas, sit back to look at the whole, 
make another stroke, sit back to evaluate, make another stroke, etc. Here 
each stroke is, in some sense, a stimulus for the stroke which follows it. 
But the essential point made in the following article is that this simple 
mechanism cannot Possibly account for the complexity of human behav- 
ior. You should enjoy Lashley’s clever analyses in support of his assertion. 
This article was addressed to a group of physiologists, since physiologists 
had long accepted the oversimplified Psychological model mentioned; 


but Psychologists, too, have learned (or should have learned) 
from this work, 


As you read think ab 
How many of them ar 
or steps which 
slowly? 


adily charac- 


The traditional psycho- 
ons is that of a response 


and then its occurrence acts as a stimulus for 


» Which in turn acts as a stimulus for the fol- 
ain situ 


a great deal 
Out your own activities in 


€ organized into a sequenc 
are executed one after another eith 


any ten minute period. 
€ of movements, units, 
€r very rapidly or more 

In order to appreciate th 
and the sort of mechanism postulated by I 
in rapidly delivering a long sequence of 
Space ship. The instructions would be se 
another. Because of the great time neede 
the rocket and for communication to tr. 
would be completely hopeless to give 


€ difference between chained S-R connections, 


ashley, imagine the problems 
instructions to à very distant 
nt out sequentially, one after 
d for the instructions to reach 
avel from the rocket to earth, it 
one instruction, Wait to see that 
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it had been properly rec cived, and then give another. Instructions must 
long sequence without waiting for replies 


be issued consecutively in a 
ace ship (analogous to an 


(analogous to response feedback) from the sp 


effector muscle). 
Those of you who have read widely in psychology, or taken a number 


of courses, may especially enjoy Lashley's comment about his behaviorist 
colleague who remarks to him that “he had reached a stage where he 
could arise before an audience, turn his mouth loose, and go to sleep.” 
atory concept in and of itself. 

at thinking is strictly a string of 
ssed in the previous article 


This is a rather. profound explan 

Lashley considers the proposition tha 
words, a weak form of the point of view expre 
by Watson. Lashley makes the basic point that we often know exactly 
what we wish to sity without being able to find the right word. Surely 
1 ainst the notion that the thought /s the word. 


this idea argues strongly ag 
il occasions of "reverberatory circuits." The fol- 
of you not familiar with this concept. 


all facing the center and 


Lashley speaks on severi 
lowing analogy may help those 
Suppose that a group of men stood in a circle 
cach agreed to stand quietly unless someone tapped him on his right 
shoulder, When this occurred, he would turn to the left and tap his 
neighbor on the right shoulder. Our circle of men would stand quietly 
until an outsider tapped one of them on the right shoulder. He would 
then tap his neighbor, who would tap his neighbor, who would tap his 
neighbor, . . ., and a series of taps would start around the circle which 
This circle of men is quite closely analogous to 


would continue forever. z 5 
n which cach neuron fires off the neu- 


à reverberatory circuit of ne 
ron after it which fires off i 
traveling round and round the circut 


urons i 
the neuron after it, etc., with the impulse 
t of neurons indefinitely. 

this article creates more problems than it solves; 
to a proper understanding of the 
ain. Enjoy it. 


As Lashley mentions, 
but, it undoubtedly moves US closet 
marvelous workings of the human br 
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THE PROBLEM OF 


SERIAL ORDER 
IN BEHAVIOR 


K. S. Lashley 


The previous speakers have ap- 
proached our common problem by 
considering the properties of the ele- 
mentary units of which we believe 
the cerebral structure to be built up. 
They have considered the kinds of 
neural integration or behavior which 
can be anticipated from those proper- 
ties. The remaining members of the 
symposium have in their research 
been concerned chiefly with the analy- 
sis of complex behavior, seeking to 
derive general principles of neural in- 
tegration from the infinitely complex 
products of that integration. Our com- 
mon meeting ground is the faith to 
which we all subscribe, I believe, that 
the phenomena of behavior and of 
mind are ultimately describable in 
the concepts of the mathematical and 
physical sciences. In my discussion 
here, I have deliberately turned to the 
opposite extreme from the neuron 
and have chosen as a topic, one as- 
pect of the most complex type of be- 
havior that I know; the logical and 
orderly arrangement of thought and 
action. Our discussion so far has dealt 


Reprinted with permission from. Cerebral 
Mechanisms in Behavior: [he Hixon Sym- 
posium, edited by L. A. Jeffress, John Wiley 
and Sons, 1951. 


chiefly with the conditions of input 
and of immediate switching in the 
nervous mechanism, without explicit 
consideration of what is already going 
on within the system. 

My principal thesis today will be 
that the input is never into a qui- 
escent or static system, but always into 
a system which is already actively ex- 
cited and organized. In the intact 
organism, behavior is the result of 
interaction of this background of ex- 
citation with input from any desig- 
nated stimulus. Only when we can 
state the general characteristics of this 
background of excitation, can we un- 
derstand the effects of a given input. 

The unpronounceable Cree Indian 
word “kekawewechetushekamikowan- 
owow" is analyzed by Chamberlain 
(7) into the verbal root, tusheka, "to 
remain,” and the various particles 
which modify it as follows: ke(la)wow, 
the first and last syllables, indicating 
second person plural; ka, a prefix of 
the future lense; we, a sort of impera- 
tive mode expressing a wish; weche, 
indicating conjunction of subject and 
object; mik, a suffix bringing the verb 
into agreement with a third person 
subject and second person object; and 
owan, a suffix indicating that the sub- 
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ject is inanimate and the object ani- 
mate. A literal translation: “You will 
I wish together remain he-you itman 
you” or, freely, “may it remain with 
you." This difference in structure 
between Cree and English illustrates 
an outstanding characteristic of verbal 
behavior; the occurrence of predeter- 
mined, orderly sequences of action 
which are unique for each language. 
In English the adjective precedes, in 
French it follows the noun which it 
modifies. In English the movement or 
action of the subject is expressed as 
early as possible after the subject; in 
German the expression of action may 
be postponed until all qualifying 
thoughts have been expressed. In a 
sentence discussing this subject, Pick 
(20) introduces fifty-five words be- 
tween the subject and the principal 


Verb. Each Chinese word, and to a 
lesser extent, each English word, 
unit. In the 


stands as an unchanging 
highly inflective languages, such as 
Sioux, the form of almost every word 
in the sentence may be altered, ac- 
cording to some attribute of the sub- 
ject, as when two objects rather than 
One or several are discussed. 

. The study of comparative grammar 
is not the most direct approach to 
the physiology of the cerebral cortex, 
Yet Fournié (10) has written, "Speech 
is the only window through which the 
physiologist can view the cerebral 
life." Certainly language presents ina 
most striking form the integrative 
functions that are characteristic of the 
cerebral cortex and that reach their 
highest development in human 
thought processes. Temporal integra- 
tion is not found exclusively in lan- 
guage; the coordination of leg move- 
ments in insects, the song of birds, the 
control of trotting and pacing in 
gaited horse, the rat running the maze, 
the architect designing a house, and 


a 
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the carpenter sawing a board present 
a problem of sequences of action 
which cannot be explained in terms of 
successions of external stimuli. 


Associative Chain "Theories 


In spite of the ubiquity of the prob- 
lem, there have been almost no at- 
tempts to develop physiological the- 
ories to meet it. In fact, except among 
a relatively small group of students 
of aphasia, who have had to face 
questions of agrammatism, the prob- 
lem has been largely ignored. It is not 
even mentioned in recent textbooks 
on neurophysiology or physiological 
psychology, nor is there any significant 
body of experimental studies bearing 
upon the problem. The spinal animal 
scarcely exhibits serial activity, so the 
physiologist may be excused for over- 
looking the phenomenon. On the 
other hand, psychologists have been 
concerned chiefly with the question 
of whether or not the organizing proc- 
esses displayed in serial action are 
conscious, and very little with the or- 
ganization itself. I have chosen to dis- 
cuss the problem of temporal integra- 
tion here, not with the expectation 
of offering a satisfactory physiological 
theory to acount for it, but because 
it seems to me to be both the most 
important and also the most neglected 
problem of cerebral physiology. Tem- 
porally integrated actions do occur 
even among insects, but they do not 
reach any degree of complexity until 
the appearance of the cerebral cortex. 
They are especially characteristic of 
human behavior and contribute as 
much as does any single factor to the 
superiority of man's intelligence. A 
clearer formulation of the physiologi- 
cal problems which they raise should 
be of value, even though a solution of 
the problems is not yet in sight. 
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I shall consider first some of the 
questions raised by the e 01 
language, then turn to other forms of 
serial action for indications ol the 
nature of the nervous mechanisms in- 
volved. 

To the best of my knowledge, the 
only strictly physiological theory that 
has been explicitly formulated to ac- 
count for temporal integration is that 
which postulates chains of reflexes, in 
which the performance of ach cle- 
ment of the series provides excitation 
of the next. This conception under- 
lays the “motor theories” of thinking 
which were advocated by several psy- 
chologists early in this century, Wat- 
son (26) sought to identify thought 
with inaudible movements of the 
vocal organs, linked together in as. 
sociative chains. The peripheral chain 
theory of language was developed in 
greatest detail by Was! burn (25). She 
distinguished what she called "succes- 
sive movement systems" and, although 
she drew her examples from memo- 
rized series of nonsense syllables, her 
implication was that such series are 
typical of all language behavior. She 
defined a movement system as 
bination of movemen 
gether that the 


“a com- 
ts so linked to- 
stimulus furnished by 


the actual performance of certain 
movements is required to bring about 
other movements.” She 


described 
speech as a succession of vocal 


which the kinesthetic 
each movement serve 
ulus for the next in 


acts in 
impulses from 
15 a unique stim- 

the series (25, 
pages 11 ff.). Attempts to confirm these 
peripheral theories by mechanical 
(Thorsen, 23) or electrical (Max, 19) 
recording of muscular tensions have 
given no valid evidenc 


€ in support of 
them. It should be noted that, at the 


time when the theories were proposed, 
it was generally believed th 
tion m the 


at conduc 


Nervous system is always 


downstream from sense organ to mus- 
cle, and that muscular contraction 
must always follow promptly on stim- 
ulation. The existence of reverbera- 
tory circuits which could maintain 
central activity was scarcely suspected. 

The introspective psychology which 
objected to such peripheral theories 
did not explicitly formulate an alter- 
native neurological theory, but there 
is implicit in it a view that verbal 
thought is a simple chain of cent 
Processes in which each element serv 
to arouse the next by direct. associé 
tion. Titchener, for 


example, main- 
tained that the meaning of a word (or 
of an auditory image in his s stem) 
consists of the chain of associations 
Which it arouses: that it has no mean- 
ing until such a sequence has 
curred. From this it must be inferred 
that he was thinking in terms of a 
simple | asso iative chain, since no 
other relating process is suggested. 


pe- 


Objections to the Associative 
Chain Theory 

A consideration of the 
the sentence and 
quences will show, 
interpretations of 
tion are untenable 


structure of 
of other motor se 
I believe, that such 
temporal organiza- 
and that there are, 
behind the overtly expressed se- 
quences, a multiplicity of integrative 
Processes which can only be inferred 
from the final results of their activity. 
There is an extensive 
literature de 
integrative 


controversial 
ding with this inferred 
activity. Pick (20) devotes 
almost his entire boo 


k, Die agramma- 
tischen 


Sprachstöy ungen, to reviewing 
discussions of the subject. Most of this 
literature deals with the question of 
whether or not the integrative proc- 
esses are conscious. Much of this is 
irrelevant to the topic, but 


present 
the advoc ates of imageless 


so-called 
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thought did present a great deal of 
material indicative of the complexity 
of the problem of thought structure. 
From this, and other evidence which 
i shall present, I believe that the pro- 
duction of speech involves the inter- 
action of at least three, possibly four, 
Major neurological systems which are 
Mterrelated but somewhat independ- 
ently variable. 
£ Ler us start the analysis of the proc- 
Paus enunciation of the word. 
; zunciation of the word "right" 
consists first of retraction and eleva- 
tion of the tongue, expiration of air 
and activation of the vocal cords; sec- 
pud, depression of the tongue and 
ee e diac of the tongue 
WE ANL 1c dental ridge, stopping of 
BEL. ae So forceful expiration 
and jaw T5 epression of the tongue 
ee 1 movements nave no 
ciation T er of assoc 1 Pronun- 
8 E the word tire" involves 
Notis. 8 motor clements in reverse 
uch movements occur in all 
formutation, The order must there- 
Ore be imposed upon the motor elc- 
Ments by some organization other 
than direct associative connections be- 
tween them. So, for the individual 
Movements in writing or typing the 
Word, finger strokes occur in all sorts 
of combinations. No single letter in- 
variably follows g. and whether gh. 
84, or gu is written depends upon a set 
for A larger unit of action, the word. 
Words stand in relation to the sen- 
tence as letters do to the word; the 
words themselves have no intrinsic 
temporal “valence.” The word “right,” 
for example, is noun, adjective, ad- 
verb, and verb, and has four spellings 
and at least ten meanings. In such a 
sentence as “The mill-wright on my 
right thinks it right that some con- 
ventional rite should symbolize the 
right of every man to write as he 
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pleases,” word arrangement is ob- 
viously not due to any direct associa- 
tions of the word "right" itself with 
other words, but to meanings which 
are determined by some broader rela- 
tions. 

It has found in studies of 
memorization of nonsense syllables 
that each syllable in the series has as- 
sociations, not only with adjacent 
words in the series, but also with 
more remote words. The words in the 
sentence have, of course, associations 
with more remote words as well as 
with adjacent ones. However, the 
combination of such direct associa- 
tions will not account for grammatical 
structure. The different positions of 
the word “right” in the illustrative 


been 


sentence are determined by the mean- 
ings which the positions in relation to 
other words denote, but those mean- 
ings are given by other associations 
than those with the words in the 
spoken sentence. The word can take 
its position only when the particular 
one of its ten meanings becomes domi- 
nant. This dominance is not inherent 
in the words themselves. 

From such considerations, it is cer- 
tain that any theory of grammatical 
form which ascribes it to direct asso- 
ciative linkage of the words of the 
sentence overlooks the essential struc- 
ture of speech. The individual items 
of the temporal series do not in them- 
‘valence’ in 
with 


selves have a temporal 
their associative connections 
other elements. The order is imposed 
by some other agent. 

This is true not only of language, 
but of all skilled movements or suc- 
cessions of movement. In the gaits of 
a horse, trotting, pacing, and single 
footing involve essentially the same 
pattern of muscular contraction in the 
individual legs. The gait is imposed 
by some mechanism in addition to the 
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direct relations of reciprocal innerva- 
tion among the sensory-motor centers 
of the legs. The order in which the 
fingers of the musician fall on the keys 
or fingerboard is determined by the 
signature of the composition; this 
gives a set which is not inherent in 
the association of the individual move- 
ments. 


The Determining Tendency 


What then determines the order? 
The answer which seems most in ac- 
cord with common sense is that the 
intention to act or the idea to be 
expressed determines the sequence. 
There are, however, serious difficulties 
for this solution. There is not much 
agreement among psychologists con- 
cerning the nature of the idea. The 
structuralist school, under the leader- 
ship of Titchener, held that the idea 
consists of mental images, often the 
auditory images of words, and the 
meanings are nothing but sequences 
of such images. Describing the role of 
images in his lecturing, Titchener 
wrote (24), "When there is any diffi- 
culty in exposition, a point to be ar- 
gued pro and con or a conclusion to 
be brought out from the convergence 
of several lines of proof, I hear my 
own voice speaking just ahead of me." 
What solution of the lecture problem 
for the lazy man! He need not think 
but only listen to his own inner voice; 
to the chain of associated auditory 
images. A behaviorist colleague once 
remarked to me that he had reached 
a stage where he could arise before 
an audience, turn his mouth loose, 
and go to sleep. He believed in the 
peripheral chain theory of language. 
(This clearly demonstrates the superi- 
ority of behavioristic over introspec- 
tive psychology. The behaviorist does 
not even have to listen to his own 


inner voice.) 


Seriously, such positions offer no 
solution for the problem of temporal 
integration. Titchener finds his gram- 
mar ready made and does not even 
raise the question of the origin of the 
succession of images. The chain-reflex 
theory, while definite, is untenable. 

The third view of the nature of 
the idea was developed by a group 
known as the “Wirzburg School” (see 
Boring, 4); exponents of imageless 
thought. It held that some organiza- 
tion precedes any expression that can 
be discovered by introspective or ob- 
jective means. Thought is neither mus- 
cular contraction nor image, but can 
only be inferred as a “determining 
tendency." At most, it is discovered as 
a vague feeling of pregnancy, of being 
about to have an idea, a Bewustseins- 
lage. It is not identical with the words 
which are spoken, for quite frequently 
no word can be recalled which satis- 
factorily expresses the thought, and 
we search a dictionary of synonyms 
until a word or phrase is found which 
does seem appropriate. 

In his discussion of the relation of 
thought to speech, Pick (20) accepts 
this point of view, but he asserts fur- 
ther that the set or the idea does not 
have a temporal order; that all of its 
elements are cotemporal. Evidence 
In support of this conclusion comes, 
for example, from translation of one 
language into another which has a 
different sentence Structure. I read a 
German Sentence, pronouncing the 
German words with no thought of 
their English equivalents. I then give 
a free translation in English, without 
remembering a single word of the 
German text. Somewhere between the 
reading and free translation, the Ger- 
man sentence is condensed, the word 
order reversed, and expanded again 
into the different temporal order of 
English. According to Epstein (9), the 
polyglot shifts readily from one lan- 
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guage to another, expressing the same 
thought in either, without literal 
translation. The readiness with which 
the form of expression of an idea can 
be changed, the facility with which 
different word orders may be utilized 
to express the same thought, thus is 
further evidence that the temporal 
integration is not inherent in the pre- 
liminary organization of the idea. 


The Schema of Order 


The remaining alternative is that 
the mechanism which determines the 
serial activation of the motor units is 
relatively independent, both of the 
motor units and of the thought struc 
ture. Supporting evidence for this may 
be found in the mistakes of order, the 
Slips and interferences which occur in 
Writing and speaking. For some time 
I have kept records of errors in typing. 
A frequent error is the misplacing or 
the doubling of a letter. These is 
typed t-h-s-e-s, look as l-o-k-k, ill as 
i-i-l. Sometimes the set to repeat may 
be displaced by several words. The 
Order is dissociated from the idea. 
Earlier, in preparing this paper, 1 
wrote the phrase, “maintain central 
activities.” I typed min, omitting the 
4, canceled this out and started again; 
ama. The impulse to insert the a now 
dominated the order. I struck out the 
@ and completed the phrase, only to 
find that I had now also dropped the 
@ from activities. This example sug- 
Bests something of the complexity of 
the forces which are at play in the 
determination of serial order and the 
Way in which conflicting impulses may 
distort the order, although the pri- 
mary determining tendency, the idea, 
remains the same. 

The polyglot, who has become pro- 
ficient in a secondary language, who 
thinks in it and even dreams in it, 
may still tend to use the grammatical 
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structure of his native tongue. If, as 
in French, that tongue applies gender 
to inanimate things, the English pro- 
nouns referring to them may take the 
gender of the French equivalents, 
though the French nouns are not 
thought. The German postponement 
of the verb or the Magyar use of the 
past infinitive may be incorporated 
in the new language. In such cases, 
the structuring seems to be dissociated 
both from the content and from the 
simple associative connections of the 
words themselves. 

The ease with which a new struc- 
ture may be imposed on words is il- 
lustrated by the quickness with which 
children learn hog Latin. The form 
which I learned involved transposing 
the initial sound of each word to the 
end of the word and adding a long a. 
Thus—at-thay an-may oes-gay own-day 
e-thay eet-stray. Some children become 
very facile at such inversions of words, 
and re-structure new words without 
hesitation. From such considerations 
it seems to follow that syntax is not 
inherent in the words employed or in 
the idea to be expressed. It is a gen- 
eralized pattern imposed upon the 
specific acts as they occur. 


“Priming” of Expressive Units 


There are indications that, prior to 
the internal or overt enunciation of 
the sentence, an aggregate of word 
units is partially activated or readied. 
Evidence for this comes also from 
"contaminations" of speech and writ- 
ing. The most frequent typing errors 
are those of anticipation; the inclu- 
sion in the word being typed of some 
part of à word or word structure 
which should properly occur later in 
the sentence. It may be only a letter. 
Thus I wrote, wrapid writing, carry- 
ing the w from the second word to 
the first. Not infrequently words are 
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introduced which should occur much 
later in the sentence, often five or six 
words in advance. 

In oral speech, Spoonerisms. illus- 
trate the same kind of contamination. 
The Spoonerism is most frequently 
an inversion of subject and object: 
“Let us always remember that waste 
makes haste." But it may be only a 
transposition of parts of the words: 
“Our queer old dean" for "our dear 
old queen." The frequency with which 
such contaminations occur is increased 
by haste, by distraction, by emotional 
tension, or by uncertainty and conflict 
as to the best form of expression. In 
some types of aphasia the tendency 
to disordered arrangement of words 
is greatly increased, and, in extreme 
cases, the attempt to speak results in 
a word hash with complete loss of 
grammatical organization. Professor 
Spooner, after whom such slips are 
named, was probably suffering from 
a mild form of aphasia. In these con- 
taminations, it is as if the aggregate 
of words were in a state of partial 
excitation, held in check by the re 
quirements of grammatical structure, 
but ready to activate the final com- 
mon path, if the effectiveness of this 
check is in interfered with. 

In his Psychopathology of Everyday 
Life, Freud has given numerous ex- 
amples of similar contaminations of 
action outside the sphere of language. 
We do not need to accept his theories 


any Way 


of censorship and suppression to at 
count for such slips. They are of the 
same order as misplacements in typing 
contaminatrions of co 
tendencies to 


and represent 


existing. determining 
action 
Such contami nations might be as 


cribed 1o differences in the relative 


streneth of associative bonds between 


the elements of the act. and thus not 


evidence for preexcitation of the ele 


ments or for simultaneous pre-excita- 
tion. However, the understanding of 
speech involves essentially the same 
problems as the production of speech 
and definitely demands the postula- 
tion of an aftereffect. or after-dis- 
charge of the sensory components for 
a significant time following stimula- 
tion. Thus, in the spoken sentence, 
"Rapid righting with his uninjured 
hand saved from loss the contents of 
the capsized canoe,” the associations 
which give meaning to righting are 
not activated for at least 3 to 5 sec- 
onds after hearing the word.* I shall 
refer later to other evidence for such 
long after-discharge of sensory. excita- 
tions. The fact of continued activ: 
tion or afterdischarge of receptive 
clements and their integration during 
this activation justifies the assumption 
of a similar process during motor or- 
ganization. The processes of compre- 
hension and production of speech 
have too much in common to depend 
on wholly different mechanisms. 


Internal and Overt Speech 


One other point with respect to the 
organization of speech: The earlier 
literature on aphasia emphasized the 
distinction of internal and overt 
speech. The aphemia of Broea and 
the pure motor aphasia of Wernicke 
and later writers were held to be a 
loss of the ability to enunciate with- 
out loss of ability to think in words 
and without paralysis of the organs 
of speech. The brain insult was as- 
sumed to affect. only the transition 
from the thought to the enunciation 


* Dr Lashley ingeniously laid the ground 
work for this three paragraphs earlier, when 
he mentions “wrapid writing ^ Ihe audience 
all heard, “Rapid writing with his uninjured 
hand.” ete, *€ apsized canot required a com 
plete and amusing about face I.. A. Jeffress 
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of the word. We may doubt the exist- 
ence of instances of such "pure" de- 
fects and question the reliability of 
the early clinical examinations in 
view of the more careful analyses that 
have been made since 1917, but the 
distinction of internal and overt 
speech is still valid and the transition 
sull unexplained. Watson interpreted 
internal speech as inaudible move- 
ments of the vocal organs, and Jacob- 
sen (15) and Max (19) have given evi- 
dence of changes in muscular tonus 
during verbal thinking or thought of 
movement, This is far from proving 
that the motor discharge is essential 
for the internal formation of words, 
however. 

I once devised an instrument to Te- 
cord small movements of the tongue. 
Within the limits of its sensitivity, it 
showed that in silent thinking the 
tongue usually drops to the back of 
the mouth and shows no detectable 
Movement. Verbal problems, such as 
the correct squaring of three-place 
numbers, could be carried out with 
no trace of overt movement. If, how- 
ever, ] urged the subject to hurry or 
if I slapped his face, his tongue cams 
forward and showed movements cor- 
responding to the syllabification of 
internal speech or of the computation 
he was performing. This I interpret 
as indicating that internal speech may 
be carried out wholly by processes 
within the nervous system, with some 
Unessential discharge upon the final 
common path for vocal movements. 
Facilitation of the motor path, either 
by increased emotional tension 0! by 
“voluntary” reinforcement, increases 
its excitability until the same central 
circuits whose activity constitutes in- 
ternal speech are able to excite. the 
Overt movements. This aspect of the 
language function is irrelevant to the 
problem of syntax or serial order, but 
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is important as illustrating a further 
point in the dynamics of the cere- 
brum. Many activities seem to require 
for their performance both a specific 
patterning and also a general facilita- 
tion, a rise in dynamic level. There 
are, I think, indications that hemi- 
plegia and motor aphasia are pri- 
marily expressions of a low level of 
facilitation rather than a loss of spe- 
cific integrative connections which are 
involved in the use of language or in 
the patterning of our movements. A 
monkey, for example, after ablation 
of the precentral gyrus may seem un- 
able to use the arm at all, but if emo- 
tional excitement is raised above a 
certain level, the arm is freely used. 
As soon as the excitement dies down, 
the arm is again hemiplegic. 1 have 
seen something of the same sort in a 
human hemiplegic. The problem of 
the availability of memories, which 
was raised earlier in the discussion 
here, may find a partial solution in 
such fluctuations in dynamic level. In 
many of the organic amnesias the pat- 
tern of integration seems to be re 
tained but can be reactivated only by 
an abnormally intense sensory or cen- 
tral reinforcement. 


Generality of the Problem 
of Syntax 


I have devoted so much time to dis- 
cussion of the problem of syntax, not 
only because language is one of the 
most important products of human 
cerebral action, but also because the 
problems raised by the organization of 
language seem to me to be charac 
istic of almost all other cerebral ac- 
tivity. There is a series of hierarchies 
of organization: the order of vocal 
pronouncing the word. 


movements in 
the order of words in the sentence, 


the order of sentences in the para- 
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graph, the rational order of para- 
graphs in a discourse. Not only speech, 
but all skilled acts seem to involve the 
same problems of serial ordering, even 
down to the temporal coordination 
of muscular contractions in such a 
movement as reaching and grasping. 
Analysis of the nervous mechanisms 
underlying order in the more primi- 
tive acts may contribute ultimately to 
the solution even of the physiology of 
logic. 

It is possible to designate, that is, 
to point to specific examples of, the 
phenomena of the syntax of movement 
that require explanation, although 
those phenomena cannot be clearly 
defined. A real definition would be a 
long step toward solution of the prob- 
lem. There are at least three sets of 
events to be accounted for. First, the 
activation of the expressive elements 
(the individual words or adaptive 
acts) which do not contain the tem- 
poral relations. Second, the determin- 
ing tendency, the set, or idea. This 
masquerades under many names in 
contemporary psychology, but is, in 
every case, an inference from the re- 
striction of behavior within definite 
limits. Third, the syntax of the act, 
which can be described as an habitual 
order or mode of relating the expres- 
sive elements; a generalized pattern or 
schema of integration which may be 
imposed upon a wide range and a 
wide variety of specific acts. This is 
the essential problem of serial order; 
the existence of generalized schemata 
of action which determine the se- 
quence of specific acts, acts which in 
themselves or in their associations 
seem to have no temporal valence. 

I shall turn now to other phenom- 
ena of movement which may be more 
readily phrased in physiological terms 
and which may suggest some of the 
mechanisms underlying serial order. 


Duration and Intensity of 
Nervous Discharge 


A consideration of the control of 
extent and rate of movement supports 
the view that sensory factors play a 
minor part in regulating the intensity 
and duration of nervous discharge; 
that a series of movements is not a 
chain of sensory-motor reactions. The 
theory of control of movement which 
was dominant at the turn of the cen- 
tury assumed that, after a movement 
is initiated, it is continued until 
stopped by sensations of movement 
and position, which indicate that the 
limb has reached the desired position. 
This theory was opposed by a good 
bit of indirect evidence, such as that 
accuracy of movement is increased 
rather than diminished with speed. I 
had opportunity to study a patient 
who had a complete anesthesia for 
movements of the knee joint, as a 
result of a gunshot wound of the cord 
(16). In spite of the anesthesia, he 
was able to control the extent and 
speed of movements of flexion and 
extension of the knee quite as 
curately as can a normal person. 

The performance of very quick 
movements also indicates their in- 
dependence of current control. Whip— 
snapping“ movements of the hand can 
be regulated accurately in extent, yet 
the entire movement, from initiation 
to completion, requires less than the 
reaction time for tactile or kinesthetic 
stimulation of the arm, which is about 
one-eighth of a second, even when no 
discrimination is involved. Such facts 
force the conclusion that an effector 
mechanism can be pre-set or primed 
to discharge at a given intensity or 
for a given duration, in independence 
of any sensory controls. 


ac- 
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Central Control of Motor Patterns 


This independence of sensory con- 
trols is true not only of intensity and 
duration of contraction of a synergic 
muscle group but is true also of the 
initiation and timing of contraction 
of the different muscles in a complex 
movement. The hand may describe a 
circular movement involving coordi- 
nated contractions of the muscles of 
the shoulder, elbow, and wrist in 
about Ho second, and the stopping 
of movement at a given position, of 
course, is only a small fraction of that 
time. The finger strokes of a musician 
may reach sixteen per second in pas- 
sages which call for a definite and 
changing order of successive finger 
movements. The succession of move- 
ments is too quick even for visual re- 
action time. In rapid sight reading it 
is impossible to read the individual 
notes of an arpeggio. The notes must 
be seen in groups, and it is actually 
easier to read chords seen simultane- 
ously and to translate them into tem- 
poral sequence than to read successive 
notes in the arpeggio as usually writ- 
ten. 

Sensory control of mo 
to be ruled out in such acts. They re- 
quire the postulation of some central 
nervous mechanism which fires with 
predetermined intensity and duration 
Or activates different muscles in pre- 
determined order 


vement seems 


Rhythmic Action 


The simplest of the timing mecha- 
nisms are those controlling rhythmic 
activity. T. Graham Brown (5) first 
showed by his studies of de-afferented 
preparations that the rhythmic move- 
ments of respiration and progression 
are independent of peripheral stimu- 
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lation and are maintained by a cen- 
tral nervous mechanism of reciprocal 
innervation. He suggested that this 
mechanism of reciprocal innervation, 
rather than the simple reflex, is tne 
unit of organization of the whole nerv- 
ous system. He thus foreshadowed, 
in a way, the conception of reverbera- 
tory circuits which is coming to play 
so large a part in neurological theory 
today. Holst (13) has recently shown 
that the rhythmic movement of the 
dorsal fin of fishes is a compound of 
two superimposed rhythms, that of its 
own innervation and that of the pec- 
toral fins. These two rhythms are cen- 
trally maintained. 

Musical rhythms seem to be an elab- 
oration of the same sort of thing. The 
time or beat is started and maintained 
at some definite rate, say 160 per min- 
ute. This rate is then imposed upon 
various activities. The fingers of the 
musician fall in multiples of the basic 
rate. If the leader of a quartet speeds 
up the time or retards, all the move- 
ments of the players change in rate 
accordingly. Not only the time of in- 
itiation but also the rate of movement 
is affected. The violinist, in a passage 
requiring the whole bow, will draw 
the bow from frog to tip at a uniform 
rate for the required number of beats, 
whether the tempo is fast or slow. 
With practiced violinists, the rate of 
movement is extremely accurate and 
comes out on the beat at the exact tip 
of the bow. 

Superimposed on this primary 
rhythm is a secondary one of empha- 
sis, giving the character of 3/4, 4/4, 
6/4, or other time. The mechanism of 
these rhythms can be simply conceived 
as the spread of excitation from some 
centers organized for reciprocal in- 
nervation, as à combination of the 
principles of Brown and of Holst. 
There are, however, still more com- 
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plicated rhythms in all music, “That 
of the melodic line is most uniform. 
In much music, the melodic progres- 
sion changes in 2, 4, or some multiple 
of 4 measures. In improvisation, the 
performer keeps no count of measures, 
yet comes out almost invariably in a 
resolution to the tonic of the key after 
some multiple of eight measures. Here 
a generalized pattern is impressed on 
the sequence, but it is a simpler pat- 
tern than that of grammatical struc- 
ture. It only requires the recurrence 
of a pattern at certain rhythmic inter- 
vals; a pick-up of a specific pattern 
after so many timed intervals. 

There are, in addition, still less 
regular rhythms of phrasing and em- 
phasis. Parallels to these can be found 
in speech. The skilled extemporane- 
ous speaker rounds his phrases and 
speaks with a definite though not regu- 
lar rhythm. 

The rhythms tend to spread to al- 
most every other concurrent activity. 
One falls into step with a band, tends 
to breathe, and even to speak in time 
with the rhythm. The all pervasiveness 
of the rhythmic discharge is shown 
by the great difficulty of learning to 
maintain two rhythms at once, as in 
three against four with the two hands. 
The points to be emphasized here 
the widespread effects of a rhythmic 
discharge indicating the involvement 
of almost the entire effector system, 
the concurrent action of different 
rhythmic systems, and the imposition 
of the rate upon both the initiation 
and speed of movement. Considera- 
tion of rhythmic activity 
orientation. forces 
believe, that there 
organization, 
terrelated 


are 


and of spatial 
conclusion, | 
exist in the nervous 
elaborate systems of in 
neurons 


the 


Capable of impos 
ing certain tvpes of integration 


a large number of widely 
fecior elements 


upon 
spaced ef 
in the one case trans 


mitting temporally spaced waves of 
facilitative excitation to all effector 
elements; in the other imparting a 
directional polarization to both re- 
ceptor and effector elements. ‘These 
systems are in constant action. They 
form a sort of substratum upon which 
other activity is built. They contribute 
to every perception and to every in- 
tegrated movement. 


Interaction of Temporal 
and Spatial Systems 


Integration ascribed to the spatial 
distribution of excitations in the nerv- 
ous system has been much more in- 
tensively studied than the temporal 
aspects of nervous activity. Theories 
of integration are based almost ex- 
clusively upon space properties, time 
entering only in theories of facilita- 
tion, inhibition, and after-discharge. 
In cerebral functions, however, it is 
difficult to distinguish between spatial 
and temporal. functions, The eye is 
the only organ that gives simultaneous 
information concerning space in any 
detail. The shape of an object. im- 
pressed on the skin can scarcely. be 
detected. from simultancous pressure, 
but the same shape can readily be 


distinguished by touc h when t 


raced on 
the 


skin with a Moving point or when 
explored by tactile « 


anning. The tem- 
poral 


sequence is readily translated 
into a spatial concept. Even for vision 
it might be questioned whether simul- 
taneous stimulation gives rise directly 
to space concepts. The visual object is 
generally surveyed by eve 


movements, 
and its form is a re 


construction from 
such a series of excitations. Eve 


n with 
tachistoscopic 


the after- 


a temporal survey, 
with visual fixation, shifts of at- 
tention provide 

Since me 


exposures, 
discharge permits 
and, 


an effective scanning. 
mory traces are, we believe. 
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in large part static and persist simul- 
taneously, it must be assumed that 
they are spatially differentiated. 
Nevertheless, reproductive memory 
appears almost invariably as a tem- 
poral sequence, either as a succe sion 
of words or of acts. Even descriptions 
of visual imagery (the supposed si— 
multaneous reproductive memory in 
sensory terms) are generally descrip- 
tions of sequences, of temporal recon- 
structions from very fragmentary and 
questionable visual elements. Spatial 
and temporal order thus appear to be 
almost completely interchangeable in 
cerebral action. ‘The translation from 
the spatial distribution of memory 
races to temporal sequence scems to 
be a fundamental aspect of the prob- 
lem of serial order. 

I spoke earlier of the probability of 
à partial activation or priming of ag- 
gregates of words before the sentence 
is actually formulated from them. 
There is a great deal of evidence for 
such preliminary facilitation of pat 
terns of action in studies of reaction 
time and of word association. Reac- 
tion time, in general, is reduced. by 
preliminary warning or by instruc- 
tions which allow the subject to pre- 
bare for the specific act required. In 
controlled association experiments, the 
subject is instructed to respond to the 
stimulus word by a word having à 
certain type of relation to it, such às 
the opposite or a part of which the 
stimulus is the whole: black-white, 
apple-seed. The result is an attitude or 
set which causes that particular cate- 
gory to dominate the associative re- 
action. Whether such preliminary re- 
inforcement is to be ascribed to 
accumulation of excitatory State, 35 
defined by Sherrington (21), 9! to 
some other physiological process, the 
facts of behavior assure that it is a 
genuine phenomenon and plays a de- 


cisive role in determining the char- 
acter of the response. 

Once the existence of such states of 
partial activation is recognized, their 
possible role in temporal integration 
must be considered. There are indica- 
tions that one neural system may be 
held in this state of partial excitation 
while it is scanned by another. Here 
is an example. A series of four to six 
numbers is heard: 3-7-2-9-4. This is 
within the attention or memory span 
and is almost certainly not remem- 
bered in the sense in which one's tele- 
phone number is remembered, for 
memory of it is immediately wiped 
out by a succeeding series of numbers. 
While it is retained in this unstable 
way, subject to retroactive inhibition, 
the order of the numbers can be reas- 
sorted: 3-7-2-9-4, 3-2-7-9-4, 4-9-2- 
3. and the like. It is as if, in this 
case, a rhythmic alternation can sup- 
press alternate items, or a direction of 
arousal can be applied to the par- 
tially excited system. Another example 
which illustrates even more clearly the 
spatial characteristics of many mem- 
ory traces is the method of comulti- 
plication, used in rapid mental calcu- 
lation. In attempts to play a melody 
backward, we have a further illustra- 
tion. 1 find that I can do it only by 
visualizing the music spatially and 
then reading it backward. I cannot 
auditorily transform even "Yankee 
Doodle” into its inverse without some 
such process. but it is possible to get 
a spatial representation of the melody 
and then to scan the spatial represen- 
tation. The scanning of a spatial ar- 
rangement seems definitely to deter- 
mine, in such cases, the order of pro- 
dure. Two assumptions are implied 
First, the assumption is that 
are associated, not 


ce 
by this. 
the memory traces 
only with other memory traces, but 
also with the system of space coordi- 
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nates. By this I do not mean that the 
engram has a definite location in the 
brain; our experiments show conclu- 
sively that such is not the case. Rather, 
when the memory trace is formed it is 
integrated with directional characters 
of the space system, which give it posi- 
tion in reference to other associated 
traces. Second, the assumption is that 
these space characters of the memory 
trace can be scanned by some other 
level of the coordinating system and 
so transformed into succession. 

'This is as far as I have been able to 
go toward a theory of serial order 
in action. Obviously, it is inadequate. 
The assumptions concerning spatial 
representation and temporal represen- 
tation may even beg the question, 
since no one can say whether spatial 
or temporal order is primary. Further- 
more, such determining tendencies as 
the relation of attribute to object, 
which gives the order of adjective and 
noun, do not seem to be analyzable 
into any sort of spatial structure or 
for that matter, into any consistent re- 
lationship. I have tried a number of 
assumptions concerning the selective 
mechanism of grammatical form (spa- 
tial relations, the relative intensity or 
prominence of different words in the 
idea, and so on) but I have never been 
able to make an hypothesis which was 
consistent with any large number of 
sentence structures. Nevertheless, the 
indications which I have cited, that 
elements of the sentence are readied 
or partially activated before the order 
is imposed upon them in expression, 
suggest that some scanning mechanism 
must be at play in regulating their 
temporal sequence. The real problem, 
however, is the nature of the selective 
mechanism by which the particular 
acts are picked out in this scanning 
process, and to this problem I have no 
answer. 


Such speculations concerning tem- 
poral and spatial systems do little 
more than illustrate a point of 
view concerning nervous organization 
which is, I believe, more consistent 
both with what is known of the his- 
tology and elementary physiology of 
the brain and also with behavior phe- 
nomena than are the more widely cur- 
rent theories of simple 
chains of reactions. 

Nearly forty years ago Becher (2, 
page 243) wrote: “There is no physio- 
logical hypothesis which can explain 
the origin and relations of temporal 
forms in mental life; indeed, there is 
no hypothesis which even foreshadows 
the possibility of such an explanation.” 
The situation is little better today, but 
I do feel that changing conceptions of 
the fundamental organization of the 
nervous system offer more hope for a 
solution of such problems than did 
the physiological knowledge available 
when Becher wrote. However, we are 
still very far from being able to form 
an explicit explanation of temporal 
structure. 


associative 


The Fundamental Mechanism 
of Integration 


Neurological theory has been domi- 
nated by the belief that the neurons 
of the central nervous system are in 
an inactive or resting state for the 
Breater part of the time; that they are 
linked in relatively isolated condi- 
tioned reflex arcs and that they are 
activated only when the particular re- 
actions for which they are specifically 
associated are called out. Such a view 
I$ Incompatible both with the wide- 
Spread effects of stimulation which 
«an be demonstrated by changes in 
tonus and also with 
from electrica] record 
activity. 


recent evidence 
ling of nervous 
It is now practically certain 


THE PROBLEM OF SERIAL ORDER IN BEHAVIOR 


that all the cells of the cerebrospinal 
s are being continually bombarded 
by nerve impulses from various sources 
and are firing regularly, probably even 
during sleep. The nervous activity 
which they in turn elicit depends 
upon the current physiological state 
of the neurons with which they are 
connected. It is probably not far from 
the truth to say that every nerve cell 
of the cerebral cortex is involved in 
thousands of different reactions. The 
cortex must be regarded as a great 
network of reverberatory circuits, con- 
stantly active. A new stimulus, reach- 
ing such a system, does not excite an 
isolated reflex path but must produce 
widespread changes in the pattern of 
excitation throughout a whole system 
of already interacting neurons. 

The facts of cerebral structure sup- 
Port such a view. The cortex is com- 
Posed chiefly of neurons with short 
axons. LeGros Clark (8) has found for 
the striate area of the monkey that 
Marchi degeneration extends for only 
à short distance from a point of injury. 
In the striate area of the rat, I have 
never been able to trace degeneration 
beyond three or four cell diameters 
from the margin of a lesion, and 1 be- 
lieve that this lack of long transcortical 

bers is true of other areas as well as 
Of the visual cortex. Visual perception 
reveals close integration of different 
Parts of the striate arcas in spite of the 
Absence of long association fibers. In 
the visual cortex of the rat there are 
only 19 neurons for each afferent fiber. 
To produce the animal's visual acuity, 
all of the afferent fibers must be firing 
continually. There are approximately 
54,000 cell bodies in the lateral genicu- 
late nucleus of the rat, and the mini- 
mum number of visual units necessary 
to produce the visual acuity of the rat 
is actually above this figure. (The acu- 
ity is determined by direct experr 
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mental tests.) These figures should be 
of interest in relation to the numerical 
values cited by Dr. von Neumann. 
The number of cells in the visual cor- 
tex of the rat is only about 106, and 
in some of my experiments where I 
have removed the greater part of the 
visual cortex the capacity for discrimi- 
nation of visual forms has been re- 
tained when no more than 20,000 cells 
of the visual cortex remain. There is 
also evidence that no part of the cere- 
bral cortex except the visual areas is 
essential for visual perception and 


memory. 


What is the num- 
ber of afferents in 
the optic nerve? 


There are 290,000 
afferents in the op- 
tic nerve of the rat, 
and the figure is re- 
duced to 34,000 in 
the lateral genicu- 
late. The actual 
numbers are 9,000,- 
000 myoids, 290,000 
ganglion cells, and 
34,000 cells in the 
lateral geniculate. 
That may include 
cells with short 
axons also. There 
are about 125,000 
cells in each of the 
five layers of the 
These fig- 

one 
hemi- 


Dr. Lorente de Nó: 


Dr. Lashley: 


cortex. 
ures are for 
eye and 
sphere. 

In the human be- 
ing the correspond- 
ing number is 
about 125,000,000 
for the first, isn't it? 


Dr. von Neumann: 
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. Lashley: 


. Lorente de Nó: 


. von Neumann: 


. Lashley: 


I know of no figure 
for that level. 

It hasn't been ana- 
lyzed in any way. 
The 
corresponds to the 
second one? 


optic nerve 


Yes. The axons of 
the ganglion cells 
pass through the 
optic nerves. There 
is an average of 300 
visual cells 


firing 
central 
pathway. There are 
fewer than 5 cells 
in the receptive 
layer of the visual 
cortex of 
for 


into cach 


the rat 
each afferent 
fiber of the optic 
radiation. and only 
19 cells per afferent 
fiber in the entire 
visual cortex. Since 
the visual acuity of 
the rat requires 
that all of the 34. 
000 


radiation be firing 


cells of the 
constantly, it seems 
certain that all of 
the neurons within 
the 
the 


striate 
Visual 


areas, 
cortex, 
must be firing con- 
stantly. There is 
bit of 
that all 
of the integrative 
functions of vision 
are 


à good 
evidence 


carried 


out 
within the striate 
arcas. In the rat. 


I have removed. 


from onc or anm- 


other animal, prac- 
tically every other 
part of the isocor- 
tex without dis- 
turbing visual per- 
ception or memory. 
With monkeys I 
have removed the 
supposed visual as- 
sociative areas with- 
out producing any 
significant loss of 
visual functions. 


These facts lead to the conclusion 
that the same cells in the visual cortex 
participate in a great variety of activi- 
ties. Practically all of the cells of the 
area must be fired by every visual stim- 
ulation, and these same cells must be 
the ones which retain the 
ories 


visual mem- 
The conclusion follows that dif- 
ferential responses depend upon the 
pattern of cells which are excited in 
combination. The visual cortex is a 
network of cells of short axon without 
long interconnections between its 
parts or with other cortical areas. Its 
integrative functions are 
of the 


an expression 
properties of such a network. 
The same conception must be ap- 
plied to other cortical areas. There 
are, of course, long association tracts 
in the cortex, such as the corpus cal- 
losum, the superior longitudinal fas- 
ciculus, and the temporo-frontal tracts. 
Once, 26 years ago, I suggested face- 
tiously that these might be only skele- 
tal structures, since I could find no 
function for them. No important func- 
tions of these tracts have yet been 
demonstrated. Section of the corpus 
callosum produces only a slight slow- 
ing of reaction time, ipsilateral as well 
as contralateral (Akelaitis, 1); section 
of occipito-frontal fibers produces, per- 
haps, a temporary disturbance of vis- 
ual attention but no other symptoms 
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The integrative functions seem to be 
carried out as well without as with the 
main associative tracts. The major in- 
tegrative functions must, therefore, be 
carried out by the network of cells of 
short axon. The properties of such net- 
works of cells must be analyzed before 
the mechanisms of the cerebral cortex 
can be understood. Something can be 
inferred from the characteristics of ex- 
citability of cells and their arrange- 
ment in recurrent loops. If, as seems 
à necessary conclusion from the histol- 
Ogy of the striate area, all of the cells 
of the network are subject to constant 
excitation and are firing whenever 
they recover from the refractory state, 
then mutual interference of circuits 
will produce complicated patterns 
throughout the area, patterns which 
Will stabilize in the absence of difler- 
ential stimulation, as is perhaps in- 
dicated by the regularity of the alpha 
rhythm. Any new afferent impulses 
reaching the area can only produce a 
reorganization of the existing pattern. 
What happens at any particular point 
1n the system, as at an efferent neuron, 
is the statistical outcome of t 
Action of myriads of neurons, 
the i impulses over 
ı that efferent 
to 


he inter- 
not of 
mae of i z 
stricted path, of which 
cell forms a link. It is 
isolate parts of the system by opel 
Means or by anesthetics and so f° get 
a One-to-one relation of stimulus locns 
and responding muscles, from which 
the reflex mechanism has been in- 
ferred. As Goldstein (12) has pointed 
Out, however, the parts isolated in the 
reflex are influenced by a multiplicity 
of effects in the intact organism er 
Which there is little or no trace in the 
Isolated. preparation. 

I can best illustrate this c 
Of nervous action by picturing 
brain as the surface of a lake. 
Prevailing breeze carries small r1pp 


possible 
ative 
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in its direction, the basic polarity of 
the system. Varying gusts set up cross- 
ing systems of waves, which do not 
destroy the first ripples, but modify 
their form, a second level in the system 
of space coordinates. A tossing log 
with its own period of submersion 
sends out periodic bursts of ripples, a 
temporal rhythm. The bow wave of a 
speeding boat momentarily sweeps 
over the surface, seems to obliterate 
the smaller waves yet leaves them un- 
changed by its passing, the transient 
effect of a strong stimulus. Wave mo- 
tion is not an adequate analogy be- 
cause the medium which conveys the 
waves is uniform, whereas the nerve 
cells have their individual character- 
istics of transmission which at every 
point may alter the character of the 
transmitted pattern. 

The great number of axon termina- 
tions on every nerve cell has not been 
considered in theories of integration. 
It implies, of course, that the cell can 
be fired by impulses from a variety of 
sources. But it also suggests another 
possibility, more fruitful for under- 
standing of integrative processes. A 
nerve impulse arriving over a single 
axon terminal may not fire the cell 
but may modify its excitability to 
impulses from other sources. In an 
elaborate system of neurons such sub- 
hold effects might establish a pat- 
tern. of facilitation which would de- 
termine the combination of cells fired 
by subsequent. excitations. The space 
: inate system and various types of 
priming may be pictured as 
of subthreshold facilitation 
the network of neurons 
ated by the more specific 


ihres 


coord 
set or 
patterns 
pervading t 
which is activ 
external stimulus. 

Such a view of the mechanism of 


action certainly does not sim- 
blems nor does it as yet 
clue to the structuring 


nervous 
plify the pro 
provide any 
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that constitutes the set or determining 
tendency, or to the nature of such re- 
lations as are implied in the attribute- 
object, opposites, or other abstract 
concepts. A few relations seem reduci- 
ble to spatial terms, part-whole, for 
example, but even for these there is 
no clear conception of the neural basis 
of their space properties. These con- 
siderations do not, I believe, contra- 
dict fundamentally the basic concep- 
tions that have been formulated by 
Dr. McCulloch. They do, however, 
indicate a direction of necessary elabo- 
ration. The nets active in rhythmic 
and spatial organization are appar- 
ently almost coextensive with the 
nervous system. The analysis must be 
extended to the properties of such 
nets; the way in which they are broken 
up into reactive patterns in the spread 
of excitation, to give, for example, di- 
rectional propagation or its equiva- 
lent. I strongly suspect that many 
phenomena of generalization, both 
sensory and conceptual, are products, 
not of simple switching, but of inter- 
action of complex patterns of organ- 
ization within such systems. 


Summary 


The problems of the syntax of ac- 
tion are far removed from anything 
which we can study by direct physio- 
logical methods today, yet in attempt- 
ing to formulate a physiology of the 
cerebral cortex we cannot ignore 
them. Serial order is typical of the 
problems raised by cerebral activity; 
few, if any, of the problems are sim- 
pler or promise easier solution. We 
can, perhaps, postpone the fatal day 
when we must face them, by saying 
that they are too complex for present 
analysis, but there is danger here of 
constructing a false picture of those 
processes that we believe to be simpler. 


I am coming more and more to the 
conviction that the rudiments of every 
human behavioral mechanism will be 
found far down in the evolutionary 
scale and also represented even in 
primitive activities of the nervous sys- 
tem. If there exist, in human cerebral 
action, processes which seem funda- 
mentally different or inexplicable in 
terms of our present construct of the 
elementary physiology of integration, 
then it is probable that that construct 
is incomplete or mistaken, even for 
the levels of behavior to which it is 
applied. 

In spite of its present inadequacy, I 
feel that the point of view which I 
have sketched here holds some prom- 
ise of a better understanding of cere- 
bral integration. Attempts to express 
cerebral function in terms of the con- 
cepts of the reflex arc, or of associated 
chains of neurons, seem to me doomed 
to failure because they start with the 
assumption of a static nervous system. 
Every bit of evidence available indi- 
cates a dynamic, constantly active sys- 
tem, or, rather, a composite of many 
interacting systems, which I have tried 
to illustrate at a primitive level by 
rhythm and the space coordinates. 
Only when methods of analysis of 
such systems have been devised will 
there be progress toward understand- 


ing of the physiology of the cerebral 
cortex. 
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This article, by the late Keller Breland and his wife Marian, 
describes some of the pitfalls that they encountered when they left 
academic psychology to become animal trainers. Before reading this 
paper, you could profitably consider the following questions: Can any 
desired kind of simple behavior be trained by appropriate use of reward 
for that behavior? Is it probably the case that most learned behavior is 
acquired according to the simple laws of operant conditioning? Further- 
more, is most behavior learned rather than innate? 

The Brelands report that they began their commercial enterprise with 
the tacit assumption that “all responses are about equally conditionable 
to all stimuli.” There is no doubt that this assumption has often been 
made, implicitly and explicitly, in the literature of psychology. In the 
following account you will find some reasons for doubting the generality 
of the assumption. In the article after this one, by Dobrzecka, et al., you 
will find some further evidence, this time gathered in the laboratory, for 
questioning the general assumption. Articles of this sort can remind us 
that it would be dangerous to ignore altogether the possibilities of human 
instinctive behavior patterns. For example, when you read the selection 
by Azrin, in the Frontiers section, consider whether there is a human ana- 
logue of the pain-produced-aggression which Azrin has studied in animals. 
Those concerned about tyrannical control of populations by dictators in 
possession of the laws of behavior may be cheered by the Brelands’ ob- 
servation that “the animal simply does not do what he has been condi- 
tioned to do.” 
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word. He tends to class it with Hebb's 
(1960) other “seditious notions" which 
were discarded in the behavioristic 
revolution, and he may have some pre- 
monition that he will encounter this 
bete noire in extending the range of 
species and situations studied. 

We can assure him that his appre- 
hensions are well grounded. In our 
attempt to extend a behavioristically 
oriented approach to the engincering 
control of animal behavior by oper- 
ant conditioning techniques, we have 
fought a running battle with the sedi- 
tious notion ol instinct.* It might be 
of some interest to the psychologist to 
know how the battle is going and to 
learn something about the nature of 
the. adversary he is likely to meet if 
and when he tackles new species in 
new learning situations. 

Our first report (Breland & Breland, 
1951) in the American Psychologist, 
rning Our ex periences in control- 
il behavior, was wholly af- 
and optimistic, saying in 
the principles derived 
d be applied 
] of behav- 
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ling anim: 
firmative 
essence. that 
from the laboratory coul 
to the extensive contro 


that instinctive be- 
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jor under nonlaboratory conditions 
throughout a considerable segment of 
the phylogenetic scale. ; 

When we began this work, it was 
our aim to see if the science would 
work beyond the laboratory, to deter- 
mine if animal psychology could stand 
on its own feet as an engineering disci- 
pline. These aims have been realized. 
We have controlled a wide range of 
animal behavior and have made use 
of the great popular appeal of animals 
to make it an economically feasible 
project. Conditioned behavior has 
been exhibited at various municipal 
zoos and museums of natural history 
and has been used for department 
store displays, for fair and trade con- 
vention exhibits, for entertainment 
at tourist attractions, on television 
shows, and in the production of tele- 
vision commercials. Thirty-eight spe- 
cies, totaling over 6,000 individual 
animals, have been conditioned, and 
we have dared to tackle such unlikely 
subjects as reindeer, cockatoos, rac- 
coons, porpoises, and whales. 

Emboldened by this consistent rein- 
forcement, we have ventured further 
and further from the security of the 
Skinner box. However, in this cavalier 
extrapolation, we have run afoul of 
a persistent pattern of discomforting 
failures. These failures, although dis- 
concertingly frequent and seemingly 
diverse, fall into a very interesting 
pattern. They all represent break- 
downs of conditioned operant behav- 
ior. From a great number of such ex- 
periences, we have selected, more or 
less at random, the following exam- 
ples. 

The first. instance of our discom- 
fiture might be entitled, “What Makes 
Sammy Dance?" In the exhibit in 
which this occurred, the casual ob- 
server sees a grown bantam chicken 
emerge from a retaining compartment 


when the door automatically opens. 
The chicken walks over about 3 feet, 
pulls a rubber loop on a small box 
which starts a repeated auditory stim- 
ulus pattern (a four-note tune). The 
chicken then steps up onto an 18- 
inch, slightly raised disc, thereby clos- 
ing a timer switch, and scratches vig- 
orously, round and round, over the 
disc for 15 seconds, at the rate of about 
two scratches per second until the au- 
tomatic feeder fires in the retaining 
compartment. The chicken goes into 
the compartment to eat, thereby auto- 
matically shutting the door. The pop- 
ular interpretation. of this behavior 
pattern is that the chicken has turned 
on the “juke box" and “dances.” 

The development of this behavioral 
exhibit was wholly unplanned. In the 
attempt to create quite another type 
of demonstration which required a 
chicken simply to stand on a platform 
for 12-15 seconds, we found that over 
50% developed a very strong and pro- 
nounced scratch pattern, which tended 
to increase in persistence as the time 
interval was lengthened. (Another 
25% or so developed other behaviors 
—pecking at spots, etc.) However, we 
were able to change our plans so as 
to make use of the scratch pattern, 
and the result was the “dancing 
chicken” exhibit described above. 

In this exhibit the only real contin- 
gency for reinforcement is that the 
chicken must depress the platform for 
15 seconds. In the course of a perform- 
ing day (about 3 hours for each 
chicken) a chicken may turn out over 
10,000 unnecessary, virtually identical 
responses. Operant behaviorists would 
probably have little hesitancy in label- 
ing this an example of Skinnerian 
"superstition" (Skinner, 1948) or 
"medicating" behavior, and we list it 


first to whet their explanatory appe- 
tite. 


. However, a second instance involv- 
ing a raccoon does not fit so neatly 
into this paradigm. The response con- 
cerned the manipulation of money by 
the raccoon (who has "hands" rather 
similar to those of the primates). The 
contingency for reinforcement was 
picking up the coins and depositing 
them in a 5-inch metal box. 

Raccoons condition readily, have 
800d appetites, and this one was quite 
tame and an eager subject. We antici- 
Pated no trouble. Conditioning him 
to pick up the first coin was simple. 
We started out by reinforcing him 
for picking up a single coin. Then the 
metal container was introduced, with 
the requirement that he drop the coin 
into the container. Here we ran into 
the first bit of difficulty: he seemed to 
have a great deal of trouble letting go 
of the coin, He would rub it up 
against the inside of the container, 
Pull it back out, and clutch it firmly 
for several seconds. However, he 
would finally turn it loose and receive 
his food reinforcement. Then the 
final contingency: we put him on a 
ratio of 2, requiring that he pick up 
both coins and put them in the con- 
tainer. 

Now the raccoon really had prob. 
lems (and so did we). Not only could 
he not let go of the coins, but he spent 
Seconds, even minutes, rubbing them 
together (in a most miserly fashion), 
and dipping them into the container. 
He carried on this behavior to such 
an extent that the practical applica- 
tion we had in mind—a display fea- 
turing a raccoon putting money 1n à 
Piggy bank—simply was not feasible. 
The rubbing behavior became worse 
and worse as time went on, in spite 
9f nonreinforcement. 

For the third instance, we return to 
the gallinaceous birds. The observer 
sees a hopper full of oval plastic 
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capsules which contain small toys, 
charms, and the like. When the Sp 
(a light) is presented to the chicken, 
she pulls a rubber loop which releases 
one of these capsules onto a slide 
about 16 inches long, inclined at 
about 30 degrees. The capsule rolls 
down the slide and comes to rest near 
the end. Here one or two sharp, 
straight pecks by the chicken will 
knock it forward off the slide and out 
to the observer, and the chicken is 
then reinforced by an automatic 
feeder. This is all very well—most 
chickens are able to master these con- 
tingencies in short order. The loop 
pulling presents no problems; she 
then has only to peck the capsule off 
the slide to get her reinforcement. 

However, a good 20% of all chickens 
tried on this set of contingencies fail 
to make the grade. After they have 
pecked a few capsules off the slide, 
they begin to grab at the capsules and 
drag them backwards into the cage. 
Here they pound them up and down 
on the floor of the cage. Of course, 
this results in no reinforcement for 
the chicken, and yet some chickens 
will pull in over half of all the cap- 
sules presented to them. 

Almost always this problem behavior 
does not appear until after the cap- 
sules begin to move down the slide.“ 
Conditioning is begun with stationary 
placed by the experimenter. 
When the pecking behavior becomes 
strong enough, so that the chicken 
is knocking them off the slide and 
getting reinforced consistently, the 
loop pulling is conditioned to the 
light. The capsules then come rolling 
down the slide to the chicken. Here 
most chickens, who before did not 
have this tendency, will start grabbing 
and shaking. 

The fourth incident also concerns a 
Here the observer sees a 


capsules 


chicken. 
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chicken in a cage about 4 feet long 
which is placed alongside a miniature 
baseball field. The reason for the cage 
is the interesting part. At one end of 
the cage is an automatic electric feed 
hopper. At the other is an opening 
through which the chicken can reach 
and pull a loop on a bat. If she pulls 
the loop hard enough the bat (sole- 
noid operated) will swing, knocking a 
small baseball up the playing field. If 
it gets past the miniature toy players 
on the field and hits the back fence, 
the chicken is automatically reinforced 
with food at the other end of the cage, 
If it does not go far enough, or hits 
one of the players, she tries again. 
This results in behavior on an irregu- 
lar ratio. When the feeder sounds, 
she then runs down the length of the 
cage and eats. 

Our problems began when we tried 
to remove the cage for 


photography. 
Chickens that 


had been well con- 
ditioned in this behavior became 
wildly excited when the ball started 


to move. They would jump up on the 
playing field, chase the ball all over 
the field, even knock it off on the floor 
and chase it around, pecking it in 
every direction, although they had 
never had access to the ball before. 
This behavior was so persistent. and 
50 disruptive, in spite of the fact that 
it was never reinforced, that we had 
to reinstate the cage. 

The last instance we shall relate in 
detail is one of the Most annoying and 
baffling for a good behaviorist. Here a 
pig was conditioned to pick up large 
wooden coins and deposit them ina 
large “piggy bank." The coins were 
placed several feet from the bank and 
the pig required to carry them to the 
hank and deposit them, usually four 
or five coins for one reinforcement. 
(Of course, we started out with one 
coin, near the bank.) 


Pigs condition very rapidly, they 
have no trouble taking ratios, they 
have ravenous appetites (naturally), 
and in many ways are among the most 
tractable animals we have worked 
with. However, this particular. prob- 
lem behavior developed in pig after 
pig, usually after a period of weeks or 
months, getting worse every day. At 
first the pig would eagerly pick up 
one dollar, carry it to the bank, run 
back, get another, carry it rapidly and 
neatly, and so on, until the ratio was 
complete. Thereafter, over a period of 
weeks the behavior would become 
slower and slower, He might run over 
eagerly for each dollar, but on the way 
back, instead of carrying the dollar 
and depositing it simply and cleanly, 
he would repeatedly drop it, root it, 
drop it ag 


ain, root it along the way, 
pick it up, toss it up in the air, drop 
it, root it some more 

We thought this behavior might 
simply be the dilly-dallying of an ani- 
mal on a low driy ^. However, the 
behavior persisted and gained in 
strength in spite of a severely in- 
creased drive—he finally went through 
the ratios so slowly that he did not get 
enough to eat in the course of a day. 
Finally it would take the pig about 10 
minutes to transport four coins a dis- 
tance of about 6 feet, This problem 
behavior developed repeatedly in suc- 
cessive pigs. 

There have also been 


stances: hamsters that stopped work- 
ing in a glass case after four or five 
reinforcements, porpoises and whales 
that swallow their manipulanda (balls 
and inner tubes), cats that will not 
leave the area of the feeder, rabbits 
that will not go to the feeder, the 
great difficulty in many species of 
conditioning vocalization with food 
reinforcement, problems in condition- 
ing a kick ina cow, the failure to get 


» and so on. 


other in- 


appreciably increased effort out of the 
ungulates with increased drive, and so 
on. These we shall not dwell on in 
detail, nor shall we discuss how they 
might be overcome. 

These egregious failures came as a 
rather considerable shock to us, for 
there was nothing in our background 
in behaviorism to prepare us for such 
gross inabilities to predict and control 
the behavior of animals with which 
we had been working for years. 

The examples listed we feel repre- 
Sent a clear and utter failure of con- 
ditioning theory. They are far from 
What one woukl normally expect on 
the basis of the theory alone. Further- 
more, they are definite, observable; 
the diagnosis of theory failure does 
not depend on subtle statistical inter- 
pretations or on semantic legerdemain 
—the animal simply does not do what 
he has been conditioned to do. 

It seems perfectly clear that, with 
the possible exception of the dancing 
chicken, which could conceivably, as 
We have said, be explained in terms 
Of Skinner's superstition paradigm. 
5 other instances do not fit the be- 
ie y zd thinking: Here we 
ditioned tà 1: 855 i me keen ae 

a specific learned response, 
gradually drifting into behaviors that 
are entirely different from those which 
were conditioned. Moreover, it can 
easily be seen that these particular 
behaviors to which the animals drift 
are clear-cut examples of instinctive 
behaviors having to do with the natu- 
ral food getting behaviors of the par- 
ticular species. 

The dancing chicken is exhibiting 
the gallinaceous birds’ scratch pattern 
that in nature often precedes inges- 
tion. The chicken that hammers cap- 
sules is obviously exhibiting instinc- 
tive behavior having to do with 
breaking open of seed pods or the 
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killing of insects, grubs, etc. The 
raccoon is demonstrating so-called 
"washing behavior." The rubbing and 
washing response may result, for ex- 
ample. in the removal of the exo- 
skeleton of a crayfish. The pig is 
rooting or shaking—behaviors which 
are strongly built into this species and 
are connected with the food getting 
repertoire. 

These patterns to which the animals 
drift require greater physical output 
and therefore are a violation of the 
so-called “law of least effort.“ And 
most damaging of all, they stretch out 
the time required for reinforcement 
when nothing in the experimental 
setup requires them to do so. They 
have only to do the little tidbit of 
behavior to which they were condi- 
tioned—for example, pick up the coin 
and put it in the container—to get 
reinforced. immediately. Instead, they 
drag the process out for a matter of 
minutes when there is nothing in the 
contingency. which forces them to do 
this. Moreover, increasing the drive 
merely intensifies this effect. 

It seems obvious that these animals 
are trapped by strong instinctive be- 
haviors, and clearly we have here a 
demonstration of the prepotency of 
such behavior patterns over those 
which have been conditioned. 

We have termed this phenomenon 
“instinctive drift." The general prin- 
ciple seems to be that wherever an 
animal has strong instinctive be- 
haviors in the area of the conditioned 
response, after continued running the 
organism will drift toward the in- 
stinctive behavior to the detriment of 
the conditioned behavior and even to 
the delay or preclusion of the rein- 
forcement. In a very boiled-down, 
simplified form, it might be stated as 
“learned behavior drifts toward in- 
stinctive behavior.” 
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All this, of course, is not to disparage 
the use of conditioning techniques, 
but is intended as a demonstration 
that there are definite weaknesses in 
the philosophy underlying these tech- 
niques. The pointing out of such 
weaknesses should make possible a 
worthwhile revision in behavior 
theory. 

The notion of instinct has now be— 
come one of our basic concepts in an 
effort to make sense of the welter of 
observations which confront us. When 
behaviorism tossed out instinct, it is 
our feeling that some of its power of 
prediction and control were lost with 
it. From the foregoing examples, it 
appears that although it was easy to 
banish the Instinctivists from the 
science during the Behavioristic Rev- 
olution, it was not possible to banish 
instinct so easily. 

And if, as Hebb suggests, it is ad- 
visable to reconsider those things that 
behaviorism explicitly threw out, per- 
haps it might likewise be advisable to 
examine what they tacitly brought it 
—the hidden assumptions which led 
most disastrously to these breakdowns 
in the theory. 

Three of the most important of 
these tacit assumptions seem to us to 
be: that the animal comes to the 
laboratory as a virtual tabula rasa, 
that species differences are insignifi- 
cant, and that all responses are about 
equally conditionable to all stimuli. 

It is obvious, we feel, from the fore- 

going account, that these assumptions 
are no longer tenable. After 14 years 
of continuous conditioning and ob- 
servation of thousands of animals, it 
is our reluctant conclusion that the 
behavior of any species cannot be 
adequately understood, predicted, or 
controlled without knowledge of its 
instinctive patterns, evolutionary his- 
tory, and ecological niche. 


In spite of our early successes with 
the application of behavioristically 
oriented conditioning theory, we 
readily admit now that ethological 
facts and attitudes in recent years 
have done more to advance Our prac- 
tical control of animal behavior than 
recent reports from American "learn- 
ing labs." 

Moreover, as we have recently dis- 
covered, if one begins with evolution 
and instinct as the basic format for 
the science, a very illuminating view- 
point can be developed which leads 
naturally to a drastically revised and 
simplified conceptual framework of 
startling explanatory power (to be re- 
ported elsewherc). 

It is hoped that this playback on the 
theory will be behavioral technology's 
partial repayment to the academic 
science whose impeccable empiricism 
we have used so extensively. 
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In this short selection the authors present some data very relevant 
to the question raised by Keller and Marian Breland. As you recall, they 
asked whether all responses are about equally conditionable to all stim- 
ing article Dobrzecka and his co-workers show which 
en task depends very much on the 
fferentiation problem in which a 


nulus and a right paw response 


uli. In the follow 
stimuli an animal will use for a giv 
nature of the task. In a two-response di 


left paw response is required for one stir 
for the other, dogs learn primarily about the direction from which the 


sound comes and very little about its quality. On the other hand, using 
the identical stimuli, if the task at hand is a go-no-go problem in which 
the dogs should respond to one stimulus and not respond to a second, 
then they learn primarily about the quality of the stimulus and only 
slightly about the direction. Clearly, the assumption that all stimuli are 


equally available for all responses is wrong. d 
The abbreviations Ma and Bp stand for Metronome anterior and 


Buzzer posterior, respectively. 
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QUALITATIVE VERSUS 
DIRECTIONAL CUES 


IN TWO FORMS OF 


DIFFERENTIATION 
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Abstract. Dogs given opportunities to base theiy 
Sponses in differentiation learning on either the 
tioned stimulus (for example, metronome 
source (in front or behind) choose diffe 
5. > R, (left leg-right leg) differentiation they exclusis 
and are almost unable to learn this task when only 
When confronted with Pavlovian & + 3 R,§ — + n 
tion, however, they generally learn on the basis of 
animals also attend to the directional cues. 
n given differentiation procedure depends not only on its ab 
the stimuli but also on the task with w 


Lawicka (/) has shown that, in a free 
Moving situation, success or failure of 
training in go left-go right differenti- 
ation or go-no go differentiation de- 
pends on the character of auditors 
the particular task. 
While for go left right differen 
tiation the adequate cues are pro 
vided bs stimuli presented 
from different diections, for gono go 
thes are provided by 
We have 


cues used for 


auditors 


dillerentiation 
sumuli of different quality 
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rent cues in different tasks, In 


instrumental conditioned re- 
quality of the auditory condi- 
versus buzzer) or the direction of tts 
S, Rp 
ely we directional cues 
quality cues aye available. 
10 R (go-no go) differentia- 
quality cues, although some 
Thus an animal's success or failure in 


ity to diser iminate 


hich it is confronted. 


now further investigated 
problem, using 
We used 29 
soundproof 
chamber. 


the same 
a different technique. 
dogs in a Pavlovian 
conditioned reflex (CR) 


An animal, pliced on a 
stand, was given food by remote con- 
trol from a feeder situated before 
him. An Instrumental CR 


consisted 
in placing the left or right foreleg on 


the feeder Mo response to a condi 
Uoned stimulus (CS): intertrial inter- 
vals were about l minute, 

In experiment Te 1 
trained to place 
on the feeder 


dogs were 
right forelegs 
in response to the sound 
ol a metronome situated in front of 


their 
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them (Ma) and to place there their 
left forelegs in response to a buzzer 
situated behind them (Bp). During 
training the two stimuli were pre- 
sented randomly; 5 seconds after pres- 
entation of the stimulus the appropri- 
ate leg was passively placed on the 
feeder and food was immediately de- 
livered. Passive placement was re- 
motely controlled by a system of ropes 
and pulleys. After a few sessions the 
animals started to execute the trained 
5 actively in response to the 
. If the response was correct, food 
ae Sie presented; if incor- 


the CS was discontinued and 


rect, 
food was not delivered. If a dog did 
1S, it was 


not respond to 5 seconds ol C: 
prompted by a tug on the proper leg. 
Eight reinforced. trials were given per 
session, each CS being presented four 
times in random order. 


The task was mastered to a cri 
terion of 80 consecutive correct re- 
sponses in an average of 230 (range. 


120 to 360) trials; these scores include 


TABLE I. 


Results of test trials in Sy Ry 
was shifted behind (Mf) ‘and The bu 
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the trials with passive movements. 
During each of the ten test sessions 
that followed, interspersed among the 
regular trials were two trials with (i) 
a buzzer presented in front of the ani- 
mal (Ba) and (ii) a metronome pre- 
sented behind it (Mp). In all trials 
either movement was reinforced by 
food. The results (Table 1) show that 
in eight dogs at least 90 percent of the 
responses were determined by the di- 
rection of the CS, with total neglect 
of its quality; that is, the metronome 
presented from behind evoked the 
same movement as the buzzer from be- 
hind, while the buzzer presented in 
front evoked the same movement as 
the metronome in front. In three 
other dogs the responses were mixed. 
In no dog, however, did the quality 
cue prevail over the directional cue. 

Further evidence indicating the sig- 
nificance of the directional cues for 
right leg-left leg differentiation is pro- 
vided by the results of a control pro- 
cedure. Six dogs were similarly trained 


S> R; differentiation with 11 dogs, in which the metronome 
er in front of (Ba) the animals, 


RESPONSES (NO-) 


Ba 
Mp 1 
“ro QUAI DIY 10 DIREC TION TO QUALITY TO DIRECTION 
AD (p) NONE (B) @) NONE 
[ 1 0 10 0 
0 i 0 0 10 0 
: i 1 0 10 0 
10 0 
0 10 q i ? ? 
2 " 0 0 Ü n 
0 10 0 : s 0 
2 a 0 2 $ 0 
0 10 0 0 10 0 
4 1 5 0 10 0 
Totals (%) 
94.5 0 


64 


10.9 
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except that both CS's sounded from 
the same point in front of the animal, 
so that the directional cue was absent; 
three of them eventually mastered the 
task after 1000 to 1500 trials, while 
the other three could not learn even 
after longer training. In all six dogs 
symptoms of neurosis developed from 
time to time. In contrast, when two 
CS's of different modalities (visual 
versus auditory) were presented in 
front of two dogs, the task of right 
leg-left leg differentiation was quickly 
learned within about 250 trials. 

In experiment 2, ten dogs were 
trained in go-no go differentiation, 
the instrumental response being move- 
ment of the right foreleg. Response by 
this movement to the positive CS was 
always reinforced by food, while the 
negative CS never brought food. 
Either the buzzer or a 900-cy/sec tone 
was the positive CS, while the metro- 
nome or a .600-cy/sec tone was the 
negative CS. For five dogs the positive 
CS was in front of the animal and the 
negative one was behind; for the other 
five these positions were reversed. The 


` d 


TABLE 2. * 


* æ 


Results of test trials in S, S, no R differentiation with ten dogs. 
M, metronome; T,, 900-cy |sec tone; T, 600-cy/sec tone; a, presented. in 


dogs learned the buzzer-metronome 
differentiation almost immediately; 
the high tone-low tone differentiation 
required a few hundred trials. 

When the animals were responding 
correctly in 100 percent of the trials, 
20 test trials were given in the same 
way as in experiment 1—but always 
without reinforcement, so as not to 
teach the animal to respond with the 
movement to the new stimulus com- 
bination. The results (Table 2) show 
that for every dog but one the nega- 
tive CS placed in the position of the 
positive CS completely preserved its 
negative significance—that is, the ani- 
mals never performed the taught 
movement in response to it. As for 
the positive CS placed in the position 
of the negative CS, it maintained its 
positive significance in the majority of 
trials with seven dogs, while negative 
responses prevailed in three dogs. In 
all, the animals reacted according to 
the quality of the CS in 80 percent of 
the trials and to the direction of the 
CS in only 20 percent. 

So, as Lawicka discovered, animals 


Symbols B, buzzer; 
front; p, presented 


behind, 
an REVERSE RESPONSES (NO.) TO an REVERSE RESPONSES (NO.) TO 
ICATION —Ü i ; 1 
* QUALITY DIRECTION LOTION QUALITY DIRECTION 
M Bp 0 10 Mp Ma 10 0 
Ba Bp 3 7 Mp Ma 9 1 
Ba Bp 9 l Mp Ma 10 0 
Bp Ba 4 6 Ma Mp 10 0 
Bp Ba 10 0 Ma Mp 10 0 
Bp Ba 7 3 Ma Mp 10 0 
Tja Tip a i Top in 1 " 
Tia Typ 8 2 Typ 12a 0 10 
Tp ia 10 0 12a T,p 10 0 
Tip T,a 10 0 T,a Top 10 0 
Totals (%) 
70 30 89 11 
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trained in a differentiation procedure 
requiring two different. instrumental 
responses to two auditory stimuli 
mainly use directional cues; they are 
almost unable to learn the task when 
confronted with purely qualitative 
cues. On the other hand, in a go-no 
go differentiation procedure based 
on reinforcement-versus-nonreinforce- 
ment of responses to two auditory 
stimuli mainly utilize qualitative cues. 
g These facts have been tentatively 
interpreted in detail (2). It is notable 
that monkeys (3) also can establish 
without difficulty a go-no go differ- 
entiation between two different tones 
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emanating from the same point, while 
their go left-go right differentiations 
between these stimuli are as difficult 
as they are for dogs; in contrast, the 
go rightgo left differentiation be- 
tween directional cues is easy. 
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Calcutta 


In this reading the authors question the use of a simple stimulus- 
response connection, or reflex, as a basic unit in the desc ription of be- 
havior. They note, rather, that many activities of both infrahuman ani- 
mals and men are of the general form “do x until you have done enough.” 
For example, a rat building a nest may shred newspaper 
newspaper has been shredded to form a nest. 
will add air until his tire gauge reads the appropriate pressure. In cut- 
ting a steak one moves a knife back and forth in sequential operations 
until one observes that a cut has been made completely through the steak. 
The authors would break down each of these operations into “Wrest. 
“Operate,” and “Exit” units which are combined in the general struc- 
ture—Test, Operate, Test, Operate, Test, Operate, . . . Test, Exit. In 
the steak cutting example the Test would amount to asking the question 
"Has the steak been cut into two piece The Operation is one single 
slicing motion with the knife. An overall description 
is as follows: Test: Is the steak cut into two pieces? 
fore Operate: Move the knife back and forth once. 
steak cut into two pieces? Answer: 


until enough 
A mechanic inflating a tire 


in this vocabulary, 
Answer: No, there- 
‘Test again: Is the 
No, therefore Operate: move the knife 
back and forth once, and then test again. Continue the (Test, Operate) 
cycle until the outcome of the test is positive: 

two pieces. At this point, Exit from this “loop” and move on to other 
matters such as getting the piece that you h 
The simplest possible cycle of this sort is 
TOTE, from which the authors obt 


The steak is now cut into 


ave cut off into your mouth. 
a Test, Operate, Test, Exit cycle, 
ained the name of their basic unit, 
the TOTE unit. As you read this article think of examples from your own 
behavior. Do they seem consistent with this basic notion? 
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THE UNIT OF ANALYSIS 


G. A. Miller 
E. Galanter 
K. Pribram 


Most psychologists take it for granted 
that a scientific account of the be- 
havior of organisms must begin with 
the definition of fixed, recognizable, 
elementary units of behavior—some- 
thing a psychologist can use as a bi- 
Ologist uses cells, or an astronomer 
Uses stars, or a physicist uses atoms, 
and so on. Given a simple unit, com- 
Plicated phenomena are then de- 
scribable as lawful compounds. That 
is the essence of the highly successful 
strategy called “scientific analysis.” 

The elementary unit that modern, 
experimental psychologists generally 
select for their analysis of behavior 15 
the reflex, “The isolation of a reflex,” 
b. kinner tells us, "is the demon- 
Stration of a predictable uniformity 
m behavior. In some form or other it 
is an inevitable part of any science 
of behavior. . . . A reflex is not. of 
course, a theory. It is a fact. It is an 
analytical unit, which makes the in- 
vestigation of behavior possible.” ' 
Skinner is quite careful to define a re- 


Reprinted from Plans and the Structure of 


Behavior by George A. Miller, Eugene Gal- 
anter, and Karl H. Pribram. Copyright © 
1960 by Holt, Rinehart and Winston, Inc 
Reprinted by permission of Holt, Rinehart 
and Winston, Inc. 

Skinner, The Behavior of Organisms 
Vork: Appleton-Century t rofts, 1938). 


flex as a unit of behavior that will 
yield orderly data: “The appearance 
of smooth curves in dynamic processes 
marks a unique point in the progres- 
sive restriction of a preparation, and 
it is to this uniquely determined en- 
tity that the term reflex may be as- 
signed." ? This somewhat odd ap- 
proach to the reflex—in terms of the 
smoothness of curves—results from 
Skinner's consistent attempt to define 
a unit of behavior in terms of be- 
havior itself instead of by reference 
to concepts drawn from some other 
branch of science. 

Although Skinner's approach ab- 
solves the psychologist of certain 
burdensome responsibilities toward 
his biological colleagues, the fact re- 
mains that the reflex is a concept bor- 
rowed originally from physiology and 
made to seem psychologically substan- 
tial largely by the myth of the reflex 
stimulus - receptor — afferent 
nerve — connective fibers — efferent 
nerve — effector — response. For 
many years all those elementary text- 
books of psychology that mentioned 
the nervous system featured the tradi- 
simplified diagram of the re- 
flex arc in a very prominent position. 
You may ignore a behaviorist when 
he tells you that the reflex is a fact, 


are. 


tional, 


2 Ibid., p. 40. 
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but you can scarcely ignore a physi- 
ologist when he draws you a picture 
of it. You might as well deny the small 
intestines or sneer at the medulla 
oblongata as to doubt the reflex arc. 
Even the most obstinate opponent of 
physiological explanations in psy- 
chology can scarcely forget the bloody 
tissue from which the reflex—even the 
reflex-sans-arc—originally grew. 

But let us suppose, by a wild and 
irresponsible flight of fancy, that the 
physiologists and neurologists sud- 
denly announced that they had been 
mistaken, that there was no such fact 
as a reflex arc and that the data on 
which the theory had been based were 
actually quite different from what had 
originally been supposed. What then 
would psychologists say? Would they 
persist in talking about reflexes? Has 
the reflex concept been so tremen- 
dously helpful that behaviorists could 
not afford to give it up, even if its 
biological basis were demolished? 

There is some reason to think that 
the reflex unit has been vastly over- 
rated and that a good many psycholo- 
gists would like to get out from under 
it if they could. The reflex arc may 
have been helpful in getting psy- 
chology started along scientific paths, 
but the suspicion has been growing 
in recent years that the reflex idea is 
too simple, the element too elemen- 
tary. For the most part, serious stu- 
dents of behavior have had to ignore 
the problem of units entirely. Or they 
have had to modify their units so 
drastically for each new set of data that 
to speak of them as elementary would 
be the most unblushing sophistry. 
After watching psychologists struggle 
under their burden of conditioning 
reflexes, Chomsky, the linguist and 
logician, recently summarized their 
plight in the following terms: 


The notions of "stimulus," “‘re- 
sponse," "reinforcement" are relatively 
well defined with respect to the bar- 
pressing experiments and others simi- 
larly restricted. Before we can extend 
them to real-life behavior, however, 
certain difficulties must be faced. We 
must decide, first of all, whether any 
physical event to which the organism 
is capable of reacting is to be called a 
stimulus on a given occasion, or only 
one to which the organism in fact re- 
acts; and correspondingly, we must de- 
cide whether any part of behavior is to 
be called a response, or only one con- 
nected with stimuli in lawful ways. 
Questions of this sort pose something 
of a dilemma for the experimental psy- 
chologist. If he accepts the broad defi- 
nitions, characterizing any physical 
event impinging on the organism as a 
stimulus and any part of the organ- 
ism's behavior as à response, he must 
conclude that behavior has not been 
demonstrated to be lawful. In the pres- 
ent state of our knowledge, we must 
attribute an overwhelming influence 
on actual behavior to ill-defined factors 
of attention, set, volition, and caprice. 
If we accept the narrower definitions, 
then behavior is lawful by definition 
(if it cor s of responses); but this fact 
is of limited significan ince most of 


what the animal does will simply not 
be considered behavior.3 


Faced with the choice of being either 
vague or irrelevant, many psycholo- 
gists have been restive and ill at ease 
with their borrowed terms, What went 
wrong? How was the reflex arc con- 
ceived originally, and for what pur- 
pose? Can we supplant the reflex arc 
with some theory of the reflex that is 


more suited to our current knowledge 
and interests? 


Sir Charles Sherrington and Ivan 


Petrovitch Pavlov are the two men 
who are probably most responsible for 
confirming the psychologist’s Image 
of man as a bundle of S-R reflexes. Yet 
one may be permitted to speculate that 
neither of them would approve of the 
way their concepts have been ex- 
tended by psychologists. In his Inte- 
&rative Action of the Nervous System 
(1906) Sherrington is particularly ex- 
plicit in his qualifications and warn- 
ings about the reflex. Again and again 
he states that "the simple reflex is a 
useful fiction"—useful for the study of 
the spinal preparation. He expressed 
considerable doubt that a stretch re- 
flex, of which the knee jerk is the 
Most frequently quoted example, rep- 
resented his notion of a simple reflex 
and questioned whether it should be 
considered a reflex at all. The synapse 
Was invented by Sherrington in order 
to explain the differences between the 
Observed properties of nerve trunks 
and the properties that had to be in- 
ferred to describe the neural tissue 
that intervenes between receptor stim- 
ulation and effector response. Nerve 
trunks will transmit signals in either 
direction. Characteris ically, the sig- 
nals are of an all-or-none type. Reflex 
action, on the other hand, is unidirec- 
m and the response is character- 
Sucally graded according to the in- 
1 of the stimulus. How can these 
reconciled? Sherrington resolved 
the differences by supporting the 
Neuron doctrine: the nervous system 
is made up of discrete neural units 
that have the properties of nerve 
trunks; intercalated between these 
Units are discontinuities which he 
christened “synapses,” and these have 
the properties unique to reflexes. 
In recent years, graded responses 
have been shown to be a prepotent 
characteristic not only of synapses but 
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also of all excitable tissue, for ex- 
ample, of the finer arborizations of 
the nerve cells. The cerebral cortex, 
man's claim to phylogenetic emi- 
nence, "still operates largely by means 
of connections characteristic of primi- 
tive neuropil [which is] the most ap- 
propriate mechanism for the mainte- 
nance of a continuous or steady state, 
as contrasted to the transmission of 
information about such states." * 
Moreover, additional data have come 
to light. Today we know that neural 
and receptor tissues are spontaneously 
active irrespective of environmental 
excitation. 'This spontaneous activity 
is, of course, altered by environmental 
events—but the change in spontaneous 
activity may outlast the direct ex- 
citation by hours and even days. 
Furthermore, we know now that the 
activity of receptors is controlled by 
efferents leading to them from the 
central nervous system. As an ex- 
ample, consider the events that con- 
trol muscular contraction. (Similar, 
though not identical, mechanisms 
have also been described for the vari- 
ous sensory systems.) One third of the 
“motor” nerve fibers that go to muscle 
actually end in spindles that are the 
stretch-sensitive receptors. Electrical 
stimulation of these nerve fibers does 
not result in contraction of muscle; 
but the number of signals per unit 
recorded from the "sen- 
he spindles 
sumed, 


time that are 
sory” nerves coming from t 
is altered. drastically. It is as 
therefore, that the central nervous 
mechanism must compare the incom- 
f signals with the cen- 
“spindle control” 
to determine 
lar con- 


ing pattern O 
trally originating 
signal pattern in order 
what contribution the muscu 


George Bishop. The natural history of 
the nerve impulse, Physiological Reviews, 
1956, 36, 376-399. 
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traction has made to the “spindle 
sensing" pattern. The outcome of this 
comparison, or test, constitutes the 
stimulus (the psychophysicist’s proxi- 
mal stimulus) to which the organism 
is sensitive. The test represents the 
conditions which have to be met be- 
fore the response will occur. The test 
may occur in the receptor itself (e.g., 
in the retina) or in a more centrally 
located neuronal aggregate (as is prob- 
ably the case for muscle stretch). 

It is clear from examples such as 
this that the neural mechanism in- 
volved in reflex action cannot be dia- 
grammed as a simple reflex arc or 
even as a chain of stimulus-response 
connections. A much more complex 
kind of monitoring, or testing, is in- 
volved in reflex action than the classi- 
cal reflex arc makes any provision for. 
The only conditions imposed upon 
the stimulus by the classical chain of 
elements are the criteria implicit in 
the thresholds of each element; if the 
distal stimulus is strong enough to 
surmount the thresholds all along the 
arc, then the response must occur. In 
a sense, the threshold is a kind of test, 
too, a condition that must be met, but 
it is a test of strength only. And it 
must have encouraged psychologists 
to believe that the only meaningful 
measurement of a reflex was its 
strength (probability, magnitude, or 
latency). 


The threshold, however, is onlv one 
of many different ways that the input 
can be tested. Moreover, the response 
of the effector depends upon the 
outcome of the test and is most con- 
veniently conceived as an effort to 
modif the outcome of the test. The 
action is initiated by an “incongruity” 
between the state of the organism and 
the state that is being tested for, and 
the action persists until the 
gruity (i.c, the proximal stimulus) is 


incon 


removed. The general pattern of re- 
flex action, therefore, is to test the 
input energies against some criteria es- 
tablished in the organism, to respond 
if the result of the test is to show an 
incongruity, and to continue to re- 
spond until the incongruity vanishes, 
at which time the reflex is terminated. 
Thus, there is “feedback” from the 
result of the action to the testing 
phase, and we are confronted by a 
recursive loop. The simplest kind of 
diagram to represent this conception 
of reflex action—an alternative to the 
classical reflex arc—would have to look 
something like Figure 1, 

The interpretation toward which 
the argument moves is one that has 
been called the “cybernetic hypoth- 
esis,” namely, that the fundamental 
building block of the nervous system 
is the feedback loop.’ The develop- 
ment of a mathematical theory for 
servomechanisms, wedded to the 
Physiological accounts of homeostatic 
mechanisms, has stimulated wide- 
spread discussion and speculation 
about devices closely akin to Figure 1. 
The argument, therefore, moves to- 
ward popular ground. 

But what good is this alternative 
interpretation of the reflex? The psy- 
chologist was interested in reflexes be- 
cause he thought they might provide 
the units he needed to describe be- 
havior. But simple reflexes have been 
inadequate. And if reflexes based on 
afferent-eflerent arcs would not turn 
the trick, why should we hope for 
better things from reflexes based on 


5 Norbert. Wiener, Cybernetics (New York: 
Wiley. 1948). For a short review of the early 
development of this idea, see J. O. Wisdom, 
Fhe hypothesis of evbernetics, British [ento 
nal for the Philosophy of 1951, 2. 
| 24. For more comprehensive discussion. scc 
W. Sluckin; Afinds and. Machines (Londan: 
Penguin, 1954). „ little. of the cybernetic 
Slory is reviewed in the 
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nest chapter 


(Congruity) 


(Incongruity) 


Operate 


Figure 1 
The TOTE unit. 


feedback loops? It is the reflex itself— 
not merely the reflex arc-that has 
failed, and repairing the neurological 
theory underlying it is not likely to 
Save the day. What do we hope to 
gain from such a reinterpretation? 
Obviously, the reflex is not the unit 
we should use as the element of be- 
havior: the unit should be the feed- 
back loop itself. If we think of the 
Test-Operate-Test-Exit unit—for con: 
venience, we shall call it a TOTE 
unit-as we do of the reflex are, in 
purely anatomical terms, it may de- 
Scribe reflexes, but little else. That is 
to say, the reflex should be recognized 
as only one of many possible actualiza- 
tions of a TOTE pattern. The next 
task is to generalize the TOTE unit 
so that it will be useful in a majority 
—hopefully, in all—of the behavioral 
descriptions we shall need to make. 
Consider what the arrows in Figure 
l might represent. What could flow 
along them from one box to another? 
We shall discuss three alternatives: 
energy, information, and control. If 
we think of energy—neural impulses, 
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for example—flowing from one place 
to another over the arrows, then the 
arrows must correspond to recogniz- 
able physical structures—neurons, in 
the example chosen. As a diagram of 
energy flow over discrete pathways, 
therefore, the TOTE unit described 
in Figure 1 might represent a simple 
reflex. Or it might represent a servo- 
mechanism. 

There is, however, a second level of 
abstraction that psychologists usually 
prefer. We can think of information 
as flowing from one place to another 
over the arrows. According to the 
method of measuring information that 
has been developed by Norbert Wiener 
and by Claude Shannon, information 
is transmitted over a channel to the 
extent that the output of the channel 
is correlated with the input. We 
could therefore think of this second 
level of abstraction as the transmission 
of correlation over the arrows. In that 
case, we are concerned not with the 
particular structures. or kinds of 
energy that are involved in producing 
the correlation but only with the fact 
that events at the two ends of the 
arrow are correlated. The situation is 
quite familiar to psychologists, for it 
is exactly what they mean when they 
draw an arrow leading from Stimulus 
to Response in their S-R diagrams or 
when they define a reflex as a cor- 
relation between S and R but refuse 
to talk about the neurological basis 


for that correlation. 

A third level of abstraction, how- 

6 A short introduction to these ideas writ- 
or psychologists can be found in G. A. 
What is information measuremer ? 
in Psychologist, 1953. 8. 3-11. A fuller 
account has been given by Fred Attneave, 
Applications of Information Theory to Psy- 
y (New York: Holt, 1959). See also the 
account by Colin Cherry, On 
ambridge: Tech- 


ten fi 
Miller. 
Amerie 


cholog 
highly readable 
Communication (€ 


Human 
1957). 


nology Press, 
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ever, is extremely important for the 
ideas we shall discuss in the pages 
that follow. It is the notion that what 
flows over the arrows in Figure 1 is 
an intangible something called con- 
trol. Or perhaps we should say that 
the arrow indicates only succession. 
This concept appears most frequently 
in the discussion of computing ma- 
chines, where the control of the ma- 
chine’s operations passes from one 
instruction to another, successively, as 
the machine proceeds to execute the 
list of instructions that comprise the 
program it has been given. But the 
idea is certainly not limited to com- 
puters. As a simple example drawn 
from more familiar activities, imagine 
that you wanted to look up a particu- 
lar topic in a certain book in order 
to see what the author had to say 
about it. You would open the book 
to the index and find the topic. Fol- 
lowing the entry is a string of num- 
bers. As you look up each page refer- 
ence in turn, your behavior can be 
described as under the control of that 
list of numbers, and control is trans- 
ferred from one number to the next 
as you proceed through the list. The 
transfer of control could be symbol- 
ized by drawing arrows from one page 
number to the next, but the arrows 
would have a meaning quite different 
from the two meanings mentioned 
previously. Here we are not concerned 
with a flow of energy or transmission 
of information from one page number 
to the next but merely with the order 
in which the "instructions" are exe- 
cuted. 

At this abstract level of description 
we are no longer required to think 
of the test as a simple threshold that 
some stimulus energy must exceed. 
The test phase can be regarded as any 
process for determining that the op- 
erational phase is appropriate. Foi 


example, to be clear though crude, 
we do not try to take the square root 
of "ratiocinate." We may know full 
well how to extract square roots, but 
before we can execute that operation 
we must have digits to work on. The 
operation of extracting square roots 
is simply irrelevant when we are deal- 
ing with words. In order to ensure 
that an operation is relevant, a test 
must be built into it. Unless the test 
gives the appropriate outcome, con- 
trol cannot be transferred to the op- 
erational phase. 

When Figure ] is used in the dis- 
cussion of a simple reflex it represents 
all three levels of description simul- 
taneously. When it is used to describe 
more complex activities, however, we 
may want to consider only the transfer 
of information and control or in many 
instances only the transfer of control. 
In all cases, however, the existence of 
a TOTE should indicate that an or- 
ganizing, coordinating unit has been 
established, that a Plan is available. 

In the following pages we shall use 
the TOTE as a general description of 
the control processes involved; the 
implications it may have for func- 
tional anatomy will remain more or 
less dormant until Chapter 14, at 
which point we shall indulge in some 
neuropsychological speculations. Un- 
ti! then, however, the TOTE will 
Serve as a description at only the third, 
least concrete, level. In its weakest 
form, the TOTE asserts simply that 
the operations an organism performs 
are constantly guided by the outcomes 
of various tests. 

The present authors feel that the 
TOTE unit, which incorporates the 
important notion of feedback, is an 
explanation of behavior in general. 
and of reflex action in particular, fun- 
damentally different from the expla- 
nation provided by the reflex arc. 


Consequently, the traditional concepts 
of stimulus and response must be re- 
defined and reinterpreted to suit their 
new context. Stimulus and response 
must be seen as phases of the organ- 
ized, coordinated act. We might sum- 
marize it this way: 


The stimulus is that phase of the 
forming coordination which represents 


the conditions which have to be met in 
issue; the 


bringing it to a successful 
and the 


response is that. phase of one 
same forming coordination which gives 
the key to meeting these. conditions, 
Which serves as instrument in effecting 
the successful coordination. They are 
therefore strictly correlative and con- 
temporancous.? 


Because stimulus and response are 
correlative and contemporaneous, the 
ught of 


Stimulus processes must be tho 
not as preceding the response but 
rather as guiding it to à successful 
elimination of the incongruity. That 
is to say, stimulus and response must 
be considered as aspects of a feedback 
loop. 

The need for some kind of feedback 
channel in the description of behavior 
is well recognized by most reflex 
theorists, but they have introduced it 
in a peculiar way. For example, it !5 
customary for them to speak of cer- 
tain consequences of a reflex action as 
Strengthening, or reinforcing, the re- 
flex—such reinforcing consequences of 
action are a clear example of feed- 
back. Reinforcements are, however, à 
Special kind of feedback that should 
not be identified with the feedback 
involved in a TOTE unit. That is to 
Say: (1) a reinforcing feedback must 
Strengthen something, whereas feed- 
le by John 


7 This passage is from an artic 8 
Concept in 


Dewey entitled, The Reflex Arc 
Psychology," an article as valuable today for 
its wisdom and insight as it was in 1896. 
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back in a TOTE is for the purpose of 
comparison and testing; (2) a rein- 
forcing feedback is considered to be a 
stimulus (e.g., pellet of food), whereas 
feedback in a TOTE may be a stim- 
ulus, or information (e.g, knowledge 
of results), or control (e.g, instruc- 
tions); and (3) a reinforcing feedback 
is frequently considered to be valu- 
able, or "drive reducing," to the or- 
ganism, whereas feedback in a TOTE 
has no such value 
When a TOTE has been executed 
—the operations performed, the test 
satisfied, and the exit made—the 
creature may indeed appear to have 
attained a more desirable state. It may 
even be true, on the average, that the 
TOTE units that are completed suc- 
cessfully in a given situation tend to 
recur with increased probability, al- 
though such a relation would not be 
necessary. Thus it is possible to dis- 
cuss a TOTE in the language of rein- 
forcements. Nevertheless, the TOTE 
involves a much more general concep- 
tion of feedback. The concept of rein- 
forcement represents an important 
step forward from reflex arcs toward 
feedback loops, but bolder strides are 
needed if behavior theory is to ad- 
vance beyond the description of sim- 
ple conditioning experiments. 
Perhaps variations in the basic 
TOTE pattern will prove necessary, 
so for the purposes of the present 
discussion we shall continue to regard 
the diagram in Figure 1 as a hypoth- 
esis rather than a fact. The impor- 
tance of this hypothesis to the general 
thesis of the book, however, should 
not be overlooked. It is, in capsule, 
account we wish to give of the 


the 
relation between Image and action. 


The TOTE represents the basic pat- 
tern in which our Plans are cast, the 
ase of the TOTE involves the 


test ph 
f whatever knowledge 


specification o 
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is necessary for the comparison that 
is to be made, and the operational 
phase represents what the organism 
does about it—and what the organism 
does may often involve overt, observ- 
able actions. Figure 1, therefore, re- 
phrases the problem posed in Chapter 
1: How does a Plan relate the organ- 
ism's Image of itself and its universe 
to the actions, the responses, the be- 
havior that the organism is seen to 
generate? 

Let us see what we must do in order 
to expand this proposal into some- 
thing useful. One of the first. difficul- 
ties—a small one—is to say more 
exactly what we mean by the “incon- 
gruity" that the test phase is looking 
for. Why not talk simply about the 
difference, rather than the incongru- 
ity, as providing the proximal stim- 
ulus? The answer is not profound: 
We do not want to bother to distin- 
guish between TOTEs in which the 
operations are performed only when 
a difference is detected (and where 
the operations serve to diminish the 
difference) and TOTEs in which the 
operations are released only when no 
difference is detected. When the dia- 
gram is used to describe servomech- 
anisms, for example, it is quite im- 
portant to distinguish "positive" from 
"negative" feedback, but, because we 
are going to be interested. primarily 
in the feedback of control, such ques- 
tions not critical. Rather than 
treat all these varieties as different 
units of analysis, it seems simpler to 
treat them all as examples of a more 
“incongruity-sensitive” 


are 


general type of 
mechanism.* 

8 [he notion of an “incongruity sensitive" 
mechanism appears to the authors to be x 
rs conceptions of “cognitive 
not attempted to 


lated to Festinge 


but we have 


dissonance 


explore or develop that possibility, Ser Leon 

Festinger, A Theory of Cognitive Dissonance 
057) 

(Evanston: Row, Peterson. 19 


A second difficulty—this one rather 
more important—is the question of 
how we can integrate this TOTE unit 
into the sort of hierarchical structure 
of behavior that we insisted on in 
Chapter 1. How can the two concepts 
—feedback and hierarchy—be recon- 
ciled? One method of combining feed- 
back components in a hierarchy has 
been described by D. M. Mackay,“ 
who proposed to make the conse- 
quences of the operational phase in 
one component provide the input to 
the comparator of a second compo- 
nent; MacKay's suggestion leads to à 
string of such feedback components, 
each representing a progressively 
higher degree of abstraction from the 
external reality. Although MacKay's 
scheme is quite ingenious, we are per- 
suaded that a somewhat different 
method of constructing the hierarchy 
will better serve a psychologist’s de- 
scriptive purposes. A central notion 
of the method followed in these pages 
is that the operational components 
of TOTE units may themselves be 
TOTE units. That is to say, the 
TOTE pattern describes both strate- 
gic and tactical units of behavior. 
Thus the operational phase of a 
higher-order TOTE might itself con- 
sist of a string of other TOTE units, 
and each of these, in turn, may con- 
tain still other strings of TOTEs, and 
so on. Since this method of retaining 
the same pattern of description for the 
higher, more strategic units as for the 
lower, more tactical units may be con- 
fusing on first acquaintance, we shall 
consider an example. 

R. S. Woodworth has pointed out 
how frequently behavioral activities 


? D. M. MacKay, The epistemological prob 


lem for automata. in C. E. Shannon and J 


McCarthy. eds., Automata Studies (Princeton: 
Princeton University 235 
251 


Press, 1956), PP 


are organized in two stages.“ Wood- 
worth refers to them as “two-phase 
motor units.” The first phase is pre- 
paratory or mobilizing; the second, 
effective or consummatory. To jump, 
you first flex the hips and knees, then 
extend them forcefully; the crouch 
prepares for the jump. To grasp an 
object, the first phase is to open your 
hand, the second is to close it around 
the object. You must open your mouth 
before you can bite. You must draw 
back your arm before you can strike, 
etc. The two phases are quite different 
movements, yet they are obviously 
executed as a single unit of action. If 
stimulation is correct for releasing the 
action, first the preparatory TOTE 
unit is executed, and when it has been 
completed the stimulation is adequate 
for the consummatory TOTE unit 
and the action is executed. Many of 
these two-phase plans are repetitive: 
the completion of the second phase in 
turn. provides stimuli indicating that 
the. erection ol the frst Phase: Je 
again possible, so an alternation be- 
tween the two phases is set UP» 25 in 
walking, running, chewing, drinking, 
sweeping, knitting, etc. 

We should note well the construc 
tion of a “two-phase” TOTE unit out 
of two simpler TOTE units. Consider 
hammering a nail as an example. As 
a Plan, of course, hammering has two 
phases, lifting the hammer and then 
striking the nail. We could represent 
it by a tree, or hierarchy, as in Figure 
2. If we ask about details, however, 
the representation of hammering 1n 
Figure 2 as a simple list containing 
two items is certainly too sketchy- It 
does not tell us, for one thing, how 
long to go on hammering. What 1s 
the “stop rule”? For this, we must 


10 Robert S. Woodworth. Dynamics of Be- 


havior (New York: Holt. 1958). Pp. 36 ff. 
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Hammering. 
lingo SS Shing 


Figure 2 


Hammering as a hierarchy. 


indicate the test phase, as in Figure 3. 
The diagram in Figure 3 should indi- 
cate that when control is transferred 
to the TOTE unit that we are calling 
“hammering,” the hammering con- 
tinues until the head of the nail is 
flush with the surface of the work. 
When the test indicates that the nail 
is driven in, control is transferred else- 
where. Now, however, we seem to 
have lost the hierarchical structure. 
The hierarchy is recovered when we 
look at the box labeled "hammer," 
for there we find two TOTE units, 
each with its own test, as indicated in 
4. When the pair of TOTE 


Figure 
in Figure 4 are put 


units combined 


inside the operational phase in Figure 
is the hierarchical Plan 
ails that is shown in 


3, the result 
for hammering n 
Figure 5. 


(Head flush) 


(Head sticks up) 


Haminer 


Figure 3 
Hammering as a TOTE unit. 
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Dashed line indicates how tw 


Figure 5 


The plan for hammering 


nails. 


hierarchical 


If this description of hammering is 
correct, we should expect the se- 
quence of events to run off in this 
order: Test nail. (Head sticks up.) 
‘Test hammer. (Hammer is down.) Lift 
hammer. Test hammer. (Hammer is 
up.) Strike nail. Test hammer. (Ham- 
mer is down.) Test nail. (Head sticks 
up.) Test hammer. And so on, until 


o simple TOTE units are connected to 
operational phase of the more complicated TOTE unit in Figure 8. 


(Hammer is up) 


Figure 4 


form the 


the test of the nail reveals that its head 
is flush with the surface of the work, 
at which point control can be trans- 
ferred elsewhere. Thus the compound 
of TOTE units unravels itself simply 
enough into a coordinated sequence 
of tests and actions, although the un- 
derlying structure that organizes and 
coordinates the behavior is itself hier- 
archical, not sequential. 

It may seem slightly absurd to ana- 
lyze the motions involved in hammer- 
ing a nail in this explicit way, but it 
is better to amuse a reader th 
confuse him. It is merely an ill 


tion of how several 
units, 


an to 
ustra- 
simple TOTE 
each with its own test-operate- 
test loop, can be embedded in the op- 
erational phase of a larger unit with 
its particular test-operate-test loop. 
Without such an explicit illustration 


it might not have been immediately 
obvious how 


l these circles within 
circles could yield hierarchical trees. 
More complicated Plans—Wood- 


worth refers to them as “polyphase 
motor units"—can be similarly de- 
scribed as TOTE units built up of 
subplans that are themselves TOTE 
units. A bird will take off, make a few 
wing strokes, glide, brake with its 
wings, thrust its feet forward, and 


land on the limb. The whole action is 
initiated as a unit, is controlled by a 
single Plan, yet is composed of several 
phases, each involving its own Plan, 
which may in turn be comprised of 
subplans, etc. 

Note that it is the operational phase 
of the TOTE that is expanded into a 
list of other TOTE units. If we wish 
to preserve the TOTE pattern as it is 
diagrammed in Figure 1, we cannot 
use it to build up more complicated 
tests.!! The tests that are available, 
therefore, are conceived to be rela- 
tively fixed; it is the operational phase 
that may be quite various and com- 


plex. The operational phase may of 
course, consist of a list of TOTEs, or 


it may terminate in efferent activity.” 


11 The reason that the TOTE of Figure 1 
can be expanded only in its operational phase 
is purely formal and can be appreciated by 
simple counting: There are four arrows à 
sociated with Test; there ar 
sociated with Operate; and 
arrows associated with 
Therefore, if the two-arrowed ^ 
to construct some component 
TOTE, the component it constructs must be 
the two-arrowed Operate, not the four-ar- 
rowed Test. However, rigid " sstrictions such 
as these are probably unre istic and justi- 
fiable only in terms of pedagogic simplifica- 
tion. Anyone who has studied the hierarchi- 
cally organized programs written by Newell. 
Shaw, and Simon to stimulate human prob- 
lem-solving will recognize how primitive and 
unelaborated. these TOTE hierarchies really 
are. 

12 If we take seriously f! 
of the TOTE, the system may be easily 
trapped into loops. For example, if the sub- 
tests in the expansion of an operational phase 
all pass, but the basic test fails, a loop will 
exist. In order to avoid loo} ght insist 
that the basic test imply the disjunction of 
the subtests. A more realistic $ 
accept the occurrence of loops as a 818. 
the 1 a 1 roducing the 
result for which the basic 
it would then be necessary 
machinery for discovering 
loops. 


two arrows as 
two 


unit. 


there are 


of another 


the suggested form 


to provid 


and stopping 5" 
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If we consider complex Plans- TOTE 
hierarchies in which the operation of 
one TOTE is itself a list of TOTE 
units—then some general properties of 
such systems become apparent: 


The hierarchical structure under- 
lying behavior is taken into account 
in a way that can be simply described 
with the computer language devel- 
oped by Newell, Shaw, and Simon for 
processing lists. 

—Planning can be thought of as 
constructing a list of tests to perform. 
When we have a clear Image of a de- 
sired outcome, we can use it to pro- 
vide the conditions for which we must 
test, and those tests, when arranged in 
sequence, provide a crude strategy for 
a possible Plan. (Perhaps it would be 
more helpful to say that the condi- 
tions for which we must test are an 
Image of the desired outcome.) 

The operational phase can con- 
tain both tests and operations. There- 
e the execution of a Plan of any 
complexity must involve many more 
tests than actions. This design feature 
would account for the general deg- 
radation of information that occurs 
whenever a human being is used as a 
communication channel. 

In lower animals it appears that the 
pattern of their behavior is normally 
constructed more or less fortuitously 
by the environment—only man cher- 
ishes the illusion of being master of 
his fate. That is to say, the environ- 
ment provides stimuli that "release" 
the next stage of the animal's activ- 
ity. It is something of a philosophical 
hether we wish to be- 
lieve in plans that exist somewhere 
outside of nervous systems, SO perhaps 
we should say merely that lower ani- 
mals appear to have more tactics than 


strategy. 
As we ascend the evolutionary scale 


for 


question as to W 
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we find in mammals an increasing 
complexity in the kind of tests the 
animals can perform. In man we have 
a unique capacity for creating and 
manipulating symbols, and when that 
versatility is used to assign names to 
TOTE units, it becomes possible for 
him to use language in order to re- 
arrange the symbols and to form new 


Plans. We have every reason to be- 
lieve that man's verbal abilities are 
very intimately related to his planning 
abilities. And, because human Plans 
are so often verbal, they 


can be com- 
municated, a f. 


act of crucial impor- 
tance in the evolution of our social 
adjustments to one another. 


In this selection, which has considerable charm, Tolman directly 
tackles the structure of knowledge problem. He looks at the "telephone 
switchboard” theory that all behavior is made up of responses directly 
attached to stimuli and more specifically at the particular stimulus- 
response theory which assumes that the connection between stimulus 
and response is strengthened or "reinforced" by reward which arrives 
after the response. 

Tolman was an early and effective critic of the very simplest forms of 
stimulus-response psychology. In the following work he describes a num- 
ber of experiments which led him to believe that something considerably 
more complicated—which he called the building of cognitive maps—was 
going on. As you read try not only to understand Tolman’s criticisms of 
simple forms of S-R theory, but also try to see the basic problem presented 
by Tolman's ideas: What is a cognitive map? How is one formed? When 
we say that a rat is using a cognitive map, are we sa ying anything more 
than that he is behaving about the way that we, as intelligent. people, 
would behave in that situation. If Tolman were saying no more than this 
then his explanation would not help much for understanding anybody's 
behavior. 

Try not to be put off by the bits of jargon in the paper. 
ing Vicarious Trial and Error, refers simply to the activity of standing 
at a choice point and looking back and forth at the various alternatives 
presented. One wonders why such phrases have crept into psychologists’ 
writing. Perhaps a controlling factor is that. "looking back and forth" 
“Vicarious Trial and Error." 


“VTE,” mean- 


doesn't sound as scientific as 
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COGNITIVE MAPS IN 


RATS AND MEN 
Edward C. Tolman 


I shall devote the body of this paper 
to a description of experiments with 
rats. But I shall also attempt in a few 
words at the close to indicate the sig- 
nificance of these findings on rats for 
the clinical behavior of men. Most of 
the rat investigations, which I shall re- 
port, were carried out in the Berkeley 
laboratory. But I shall also include, 
occasionally, accounts of the behavior 
of non-Berkeley rats wł 
have misspent their lives in out-of- 
State laboratories, Furthermore, in re- 
porting our Berkeley experiments I 
shall have to omit a very great many. 
The ones I shall talk about were car- 
ried out by graduate students (or un- 
derpaid research assistants) who, sup- 
Posedly, got some of their ideas from 
me. And a few, though a very few, 
were even carried out by me myself. 
Let me begin by presenting dia- 
grams for a couple of typical mazes, an 
alley maze and an elevated maze, In 
the typical experiment a hungry rat is 
put at the entrance of the maze (al- 
ley or elevated), and wanders about 
through the various true path seg- 
ments and blind alleys until he finally 
comes to the food box and eats. This 


10 obviously 


Reprinted from Edward €. Tolman's “¢ ogni 
tive Maps in Rats and Men” Psychological 
Review, 55. 1948, pp. 189-208. Copyright © 
1948 by the American Psychological Associ 
ation, reproduced by permission 


is repeated (again in the typical ex- 
periment) one trial every 24 hours and 
the animal tends to make fewer and 
fewer errors (that is, blind-alley en- 
trances) and to take less and less time 
between start and goal-box until fi- 
nally he is entering no blinds at all 
and running in a very few seconds 
from start to goal. The results are 
usually presented in the form of aver- 
age curves of blind-entrances, or of 
seconds from start to finish, for groups 
of rats. 

All students agree 
They disagree, 
and explanation. 

(1) First, there is a school of animal 
Psychologists which believes that the 
maze behavior of rats is 
mere simple stimulus.r 
tions. Learning, 
consists in the str 
of these connectio 
ening of others. 
‘stimulus-response’ 


as to the facts. 
however, on theory 


a matter of 
€sponse connec- 
according to them, 
engthening of some 
ns and in the weak- 
According to this 
School the rat in 
Progressing down the maze is help- 
lessly responding to a succession 
of external sights, sounds, 
impinging upon 
gans—plus inter- 
from the viscera 


al muscles. These 
external and interna] stimuli call out 


the walkings, runnings, turnings, re- 
tracings, smellings, earings, and the 


Plan of maze: 14-Unit T-Alley Maze (From 
of rats. Univ. of Calif. Publ. Psychol., 1928, 


of reward on the maze performance 
4, p. 20.) 


The rat’s central 


like which appear. 
o this view, 


nervous system, according t 
may be likened to a complicated tele- 
phone switchboard. There are the in- 
coming calls from sense-organs and 
there are the outgoing messages tO 
muscles. Before the learning of a spe- 
cific maze, the connecting switches 
(synapses according to the physiolo- 
gist) are closed in one set of ways and 
Produce the primarily exploratory re- 
Sponses which appear in the early 
trials. Learning, according tO this 
view, consists in the respective 
strengthening and weakening of vari- 
ous of these connections; those COn- 
nections which result in the animal's 
going down the true path become 
relatively more open to the passage of 
nervous impulses, whereas those which 
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Figure 1 
M. H. Elliott, The effect of change 


lead him into the blinds become rela- 
tively less open. 

]t must be noted in addition, how- 
ever, that this stimulus-response school 
divides further into two subgroups. 

(a) There is a subgroup which holds 
that the mere mechanics involved in 
the running of a maze is such that the 
crucial stimuli from the maze get pre- 
sented simultaneously with the correct 
responses more frequently than they 
do with any of the incorrect responses. 
Hence, just on a basis of this greater 
[requency, the neural connections be- 
tween the crucial stimuli and the 
correct responses will tend, it is said, 
to get strengthened at the expense of 
the incorrect. connections. 

(b) There is a second subgroup in 
this stimulus-response school which 
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holds that the reason the appropriate 
connections get strengthened rela- 
tively to the inappropriate ones is, 
rather, the fact that the responses re- 
sulting from the correct connections 
are followed more closely in time by 
need-reductions. Thus a hungry rat in 
a maze tends to get to food and have 
his hunger reduced sooner as a result 
of the true path responses than as a 
result of the blind alley responses. 
And such immediately following need- 
reductions or, to use another term, 
such ‘positive reinforcements’ tend 
somehow, it is said, to strengthen the 
connections which have most closely 
preceded them. Thus it is as if—al- 
though this is certainly not the way 
this subgroup would themselves state 
it—the satisfaction-receiving part of 
the rat telephoned back to Central 
and said to the girl: “Hold that con- 
nection; it was good; and see to it 


that you blankety-blank well use it 
again the next time these same stimuli 
come in.” These theorists also assume 
(at least some of them do some of the 
time) that, if bad results—‘annoy- 
ances,’ ‘negative reinforcements’—fol- 
low, then this same satisfaction-and- 
annoyance-receiving part of the rat 
will telephone back and say, "Break 
that connection and don't you dare 
use it next time either." 

So much for a brief summary of the 
two subvaricties of the ‘stimulus-re- 
sponse, or telephone 
school. 


switchboard 


(2) Let us turn now to the second 
main school. This group (and I be- 
long to them) may be called the field 
theorists. We believe that in the 
course of learning something like a 
field map of the environment gets es- 
tablished in the rat’s brain. We agree 
with the other school that the rat in 


14-Unit T-Elevated Mazes (From C. H. Honzik, 
ing in rats. Compar. Psychol. Monogr.. 
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asis of maze learn- 
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running a maze is exposed to stimuli 
and is finally led as a result of these 
stimuli to the responses which actu- 
ally occur. We feel, however, that the 
intervening brain processes are more 
complicated, more patterned and 
often, pragmatically speaking, more 
autonomous than do the stimulus-re- 
sponse psychologists. Although we ad- 
mit that the rat is bombarded by 
stimuli, we hold that his nervous sys- 
tem is surprisingly selective as to 
which of these stimuli it will let in at 
any given time. 

Secondly, we assert that the central 
office itself is far more like a map 
control room than it is like an old- 
fashioned telephone exchange. The 
stimuli, which are allowed in, are not 
connected by just simple one-to-one 
switches to the outgoing responses. 
Rather, the incoming impulses are 
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usually worked over and elaborated 
in the central control room into a 
tentative, cognitive-like map of the 
environment. And it is this tentative 
map, indicating routes and paths and 
environmental relationships, which 
finally determines what responses, if 
any, the animal will finally release. 
Finally, I, personally, would hold 
further that it is also important to 
discover in how far these maps are 
relatively narrow and strip-like or 
relatively broad and comprehensive. 
Both strip-maps and comprehensive- 
maps may be either correct or incor- 
rect in the sense that they may (or 
may not), when acted upon, lead suc- 
cessfully to the animal's goal. The dif- 
ferences between such strip maps and 
such comprehensive maps will appear 
only when the rat is later presented 
with some change within the given 
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Figure 3 
C. Tolman and C. H. Honzik, 
learning in rats. Univ. 
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environment. Then, the narrower and 
more strip-like the original map, the 
less will it carry over successfully to 
the new problem; whereas, the wider 
and the more comprehensive it was, 
the more adequately it will serve in 
the new set-up. In a strip-map the 
given position of the animal is con- 
nected by only a relatively simple and 
single path to the position of the goal. 
In a comprehensive-map a wider arc 
of the environment is represented, so 
that, if the starting position of the 
animal be changed or variations in 
the specific routes be introduced, this 
wider map will allow the animal still 
to behave relatively correctly and to 
choose the appropriate new route. 
But let us turn, now, to the actual 
experiments. The ones, out of many, 
which I have selected to report are 
simply ones which seem especially 
important in reinforcing the theoret- 
ical position I have been presenting. 
This Position, I repeat, contains two 
assumptions: First, that learning con- 


sists not in stimulus-response connec- 
tions but in the building up in the 
nervous system of sets which function 
like cognitive maps, and second, that 
such cognitive maps may be usefully 
characterized as varying from a narrow 
strip variety to a broader comprehen- 
sive variety. 

The experiments fall under five 
heads: (1) "latent learning," (2) "vi- 
carious trial and error" or “VTE,” 
(3) "searching for the stimulus," (4) 


"hypotheses" and (5) "spatial orienta- 
tion." 


(1) “Latent Learning" Experiments 


The first of the latent learning ex- 
periments was performed at Berkeley 
by Blodgett. It was published in 1929. 
Blodgett not only performed the ex- 
periments, he also originated the con- 
cept. He ran three groups of rats 
through a six-unit alley maze, shown 
in Fig. 4. He had a control group and 


6-Unit Alley T-Maze (From H. C. Blodgett, The effect 
reward upon the maze performance of rats. Univ. 


4, No. 8, p. 117.) 


Figure 4 
01 the introduction of 
Calif. Publ. Psychol., 1929, 


two experimental groups. The error 
curves for these groups appear in Fig. 
5. The solid line shows the error curve 
for Group I, the control group. These 
animals were run in orthodox fashion. 
That is, they were run one trial a 
day and found food in the goal-box 
at the end of each trial. Groups Il 
and III were the experimental groups. 
The animals of Group II, the dash 
line, were not fed in the maze for the 
first six days but only in their home 
cages some two hours later. On the 
seventh day (indicated by the small 
cross) the rats found food at the end 
of the maze for the first time and con- 
tinued to find it on subsequent days. 
The animals of Group III were 
treated similarly except that they first 
found food at the end of the maze 
on the third day and continued to 


find it there on subsequent days. * 
will be observed that the experimenta 
find- 


groups as long as they were not 


3.0 
as 
20 


15 


ERROR SCORE 


10 


o5 


1 2 3 
NU 
f th 
2 „ Blodgett, The effect o 
uu pa Hee Univ. Calif. Publ. 


performance of rats. 


COGNITIVE MAPS IN RATS AND MEN 229 


not appear to learn 
much. (Their error curves did not 
drop. But on the days immediately 
succeeding their first finding of the 
food their error curves did drop as- 
toundingly. It appeared, in short, that 
during the non-rewarded trials these 
animals had been learning much 
more than they had exhibited. This 
learning, which did not manifest it- 
self until after the food had been 
introduced, Blodgett called "latent 
learning." Interpreting these results 
anthropomorphically we would say 
that as long as the animals were not 
getting any food at the end of the 
maze they continued to take their 
time in going through it—they con- 
tinued to enter many blinds. Once, 
however, they knew they were to get 
food, they demonstrated that during 
these preceding non-rewarded trials 
they had learned where many of the 
blinds were. They had been building 


ing food did 
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up a ‘map,’ and could utilize the lat- 
ter as soon as they were motivated to 
do so. 

Honzik and myself repeated the ex- 
periments (or rather he did and I got 
some of the credit) with the l4-unit 
T-mazes shown in Fig. l, and with 
larger groups of animals, and got sim- 
ilar results. The resulting curves are 
shown in Fig. 6. We used two control 
groups—one that never found food in 
the maze (HNR) and one that found 
it throughout (HR). The experi- 
mental group (HNR-R) found food 
at the end of the maze from the llth 
day on and showed the same sort of 
a sudden drop. 

But probably the best experiment 
demonstrating latent learning was, 
unfortunately, done not in Jerkeley 
but at the University of Iowa, by 
Spence and Lippitt. Only an abstract 
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of this experiment has as yet been 
published. However, Spence has sent 
a preliminary manuscript from which 
the following account is summarized. 
A simple Y-maze (see Fig. 7) with two 
goal-boxes was used. Water was at the 
end of the right arm of the Y and food 
at the end of the left arm. During the 
training period the rats were run 
neither hungry nor thirsty. They were 
satiated for both food and water be- 
fore each day's trials. However, they 
were willing to run because after each 
run they were taken out of whichever 
end box they had got to and put into 
a living cage, with other animals in 
it. They were given four trials a day 
in this fashion for seven days, two 
trials to the right and two to the left. 

In the crucial test the animals were 
divided into two subgroups one made 
solely hungry and one solely thirsty. 
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Figure 6 
Tolman and C. H. Hon- 
and maze performance in rats, Univ. 
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pap due tud that on the first 
thé defi cud g y group went at once to 
fees vere the food had been, 
fe 8 8 8 more frequently than to 
a m 5 re the thirsty group went 
— e where the water had 
15 , Statistically more frequently 
than to the left. These results indi- 
cated that under the previous non- 
differential and very mild rewarding 
conditions of merely being returned 
to the home cages the animals had 
nevertheless been learning where the 
water was and where the food was. 
In short, they had acquired a cogni- 
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Figure 8 
Apparatus Used for Testing Discrimina- 
tion of Visual Patterns (From K. S. Lash- 


mechanism of vision. I A 


ley, The 
method for rapid analysis of pattern- 
vision in the rat. J. genet. Psychol., 1930, 
37, p. 454. 


tive map to the effect that food was 


to the left and water to the right, al- 
though during the acquisition of this 
map they had not exhibited any stim- 
ulus-response propensities to go more 
to the side which became later the 
side of the appropriate goal. 

have been numerous other 


There 
s done in 


latent learning experiment 
the Berkeley laboratory and elsewhere. 
In general, they have for the most 
part all confirmed the above sort of 


findings. 
Let us turn now to the second group 


of experiments. 
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(2) “Vicarious Trial and Error” 
or “VTE” 


The term Vicarious Trial and Error 
(abbreviated as VTE) was invented 
by Prof. Muenzinger at Colorado ! to 
designate the hesitating, looking-back- 
and-forth, sort of behavior which rats 
can often be observed to indulge in at 
a choice-point before actually going 
one way or the other. . 

Quite a number of experiments 
upon VTEing have been carried out 
in our laboratory. I shall report only 
a few. In most of them what is called 
a discrimination set-up has been used. 
In one characteristic type of visual 
discrimination apparatus designed by 
Lashley (shown in Fig. 8) the animal 


1 Vide: K. F. Muenzinger, V 
and error at a point of choice: I. A general 
survey of its relation to lea ning efficiency. 
J. genet. Psychol., 1938, 53, 75-86. 


icarious trial 


is put on a jumping stand and faced 
with two doors which differ in some 
visual property say, as here shown, 
vertical stripes vs. horizontal stripes. 

One of each such pair of visual 
stimuli is made always correct and the 
other wrong; and the two are inter- 
changed from side to side in random 
fashion. The animal is required to 
learn, say, that the vertically striped 
door is always the correct one. If he 
jumps to it, the door falls open and 
he gets to food on a platform behind. 
If, on the other hand, he jumps in- 
correctly, he finds the door locked and 
falls into a net some two feet below 
from which he is picked up and 
Started over again. 

Using a similar set-up (see Fig. 9), 
but with landing platforms in front 
of the doors so that if the rat chose 
incorrectly he could jump back again 
and start over, I found that when the 
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Figure 9 


al and error by means of the 
p. 819.) 


choice was an easy one, say between 
a white door and a black door, the 
animals not only learned sooner but 
also did more VTEing than when the 
choice was difficult, say between a 
white door and a gray door (see Fig. 
10). It appeared further (see Fig. 11) 
that the VTEing began to appear just 
as (or just before) the rats began to 
learn. After the learning had become 
established, however, the VTE's be- 
Ban to go down. Further, in a study of 
individual differences by myself, Geier 
and Levin? (actually done by Geier 
and Levin) using this same visual 
discrimination apparatus, it was found 
that with one and the same difficulty 


2 F. M. Geier, M. Levin & E. C. Tolman, 
Individual differences in emotionality, hy- 
Pothesis formation, vicarious trial and error 
and, visual discrimination learning in rats. 
Compar. Psychol. Monogr.» 1941, 17, No. 3. 
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of problem the smarter animal did the 
more VTEing. 

To sum up, in visual discrimination 
experiments the better the learning, 
the more the VTE’s. But this seems 
contrary to what we would perhaps 
have expected. We ourselves would 
expect to do more VTEing, more 
sampling of the two stimuli, when it 
is difficult to choose between them 
than when it is easy. 

What is the explanation? The an- 
swer lies, I believe, in the fact that 
the manner in which we set the visual 
discrimination problems for the rats 
and the manner in which we set sim- 
ilar problems for ourselves are differ- 
We already have our ‘instruc- 
' We know beforehand what it 
are to do. We are told, or we 
that it is the lighter of 
the behavior of the 


ent. 

tions. 
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tell ourselves, 
the two grays, 
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two weights, or the like, which is to 
be chosen. In such a setting we do 
more sampling, more VTEing, when 
the stimulus-difference is small. But 
for the rats the usual problem in a 
discrimination apparatus is quite dif- 
ferent. They do not know what is 
wanted of them. The major part of 
their learning in most such experi- 
ments seems to consist in their dis- 
covering the instructions. The rats 
have to discover that it is the differ- 
ences in visual brightness, not the 
differences between left and right, 
which thev are to pay attention to. 
Their VIEing appears when they 
begin to ‘catch on.’ The greater the 
difference between the two stimuli, 
the more the animals are attracted by 
this difference. Hence the sooner they 
catch on, and during this catching on. 
the more thes VIE. 


C. Tolman, Prediction of vicarious trial 
schematic sowbug. Psychol. Rev., 1939, 46, p. 320.) 
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Figure 11 
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That this is a reasonable interpre- 
tation appeared further, from an ex- 
periment by myself and Minium 
(the actual work done, of course, by 
Minium) in which a group of six rats 
was first taught a white vs. black dis- 
crimination, then two successively 
more difficult gray vs. black discrimi- 
nations. For each difficulty the rats 
were given a long series of further 
trials beyond the points at which they 
had learned. Comparing the begin- 
ning of each of these three difficulties 
the results were that the rats did more 
VTEing for the easy discriminations 
than for the more difficult 


ones. 
When, however, it came 


to a com- 
parison of amounts of VTEing during 
the final performance after each learn- 
ing had reached a plateau, the op- 
posite results were obtained. In other 


words, after the rats had finally 


divined their instructions, then they, 
like human beings, did more VTEing, 
more sampling, the more difficult the 
discrimination. 

Finally, now let us note that it was 
also found at Berkeley by Jackson * 
that in a maze the difficult maze units 
produce more VTEing and also that 
the more stupid rats do the more 
VTEing. The explanation, as I see 1t, 
is that, in the case of mazes, rats know 
their instructions. For them it is nat- 
ural to expect that the same spatial 
path will always lead to the same out 
come. Rats in mazes don't have to be 
told. 

But what, now, is the final signifi- 
cance of all this VIEing? How do 
these facts about VTEing affect our 
theoretical argument? My answer 1s 
that these facts lend further support 
to the doctrine of a building up of 
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maps. VTEing, as I see it, is evidence 
that in the critical stages—whether in 
the first picking up of the instruc- 
tions or in the later making sure of 
which stimulus is which—the animal's 
activity is not just one of responding 
passively to discrete stimuli, but rather 
one of the active selecting and com- 
paring of stimuli. This brings me then 
to the third type of experiment. 


(3) “Searching for the Stimulus” 


I refer to a recent, and it seems to 
me extremely important experiment, 
done for a Ph.D. dissertation by Hud- 
son. Hudson was first interested in the 
question of whether or not rats could 
learn an avoidance reaction in one 
trial. His animals were tested one at 
a time in a living cage (see Fig. 13) 
with a small striped visual pattern at 
the end, on which was mounted a 
food cup. The hungry rat approached 
this food cup and ate. An electrical 
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Figure 13 
(From Bradford Hudson. Ph.D. Thesis: 


‘One trial learning: A study of the 
avoidance behavior of the rat.’ On de- 
posit in the Library of the University of 
California, Berkeley, California.) 


arrangement was provided so that 
when the rat touched the cup he could 
be given an electric shock. And one 
such shock did appear to be enough. 
For when the rat was replaced in this 
same cage days or even weeks after- 
wards, he usually demonstrated im- 
mediately strong avoidance reactions 
to the visual pattern. The animal 
withdrew from that end of the cage, 
or piled up sawdust and covered the 
pattern, or showed various other amus- 
ing responses all of which were in the 
nature of withdrawing from the pat- 
tern or making it disappear. 

But the particular finding which I 
am interested in now appeared as a 
result of a modification of this stand- 
ard procedure. Hudson noticed that 
the animals, anthropomorphically 
speaking, often seemed to look around 
after the shock to see what it was that 
had hit them. Hence it occurred to 
him that, if the pattern were made 
to disappear the instant the shock 
occurred, the rats might not establish 
the association. And this indeed is 
what happened in the case of many in- 


dividuals. Hudson added further elec- 
trical connections so that when the 
shock was received during the eating, 
the lights went out, the pattern and 
the food cup dropped out of sight, 
and the lights came on again all 
within the matter of a second. When 
such animals were again put in the 
cage 24 hours later, a large percentage 
showed no avoidance of the pattern. 
Or to quote Hudson’s own words: 


Learning what object to avoid... 
may occur exclusively during the 
period after the shock. For if the ob- 
ject from which the shock was actually 
received is removed at the moment of 
the shock, a significant number of ani- 
mals fail to learn to avoid it, some 
selecting other features in the environ- 
ment for avoidance, and others avoid- 
ing nothing. 


In other words, I feel that this ex- 
periment reinforces the notion of the 
largely active selective character in the 
rat's building up of his cognitive map. 
He often has to look actively for the 
significant stimuli in order to form 
his map and does not merely pas- 
sively receive and react to all the 
stimuli which are physically present. 


Turn now to the fourth type of ex- 
periment. 


(4) The “Hypothesis” Experiments 
Both the notion of hypotheses in 
rats and the design of the experiments 
to demonstrate such hypotheses are to 
be credited to Krech. Krech used a 
four-compartment discrimination-box. 
In such a four-choice box the 
door at each choice-point may be de- 
termined by the experimenter in 
terms of its being lighted or dark, left 
or right, or various combinations of 
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Univ. Calif. Publ. Psychol., 1982, 6, No. 


these. If all possibilities are random- 
ized for the 40 choices made in 10 
runs of each day's test, the problem 
could be made insoluble. 

When this was done, Krech found 
that the individual rat went through 
a succession of systematic choices. 
That is, the individual animal might 
perhaps begin by choosing practically 
all right-hand. doors, then he might 
Bive this up for choosing practically 
all left-hand doors, and then, for 
choosing all dark doors, and so on. 
These relatively persistent, and well- 
above-chance systematic types of 
choice Krech called "hypotheses." In 
using this term he obviously did not 
mean to imply verbal processes in the 
rat but merely referred to what I 
have been calling cognitive maps 
which, it appears from his experi- 
ments, get set up in a tentative fashion 
to be tried out first one and then an 
other until, if possible, one is found 
which works. 

Finally, it is to be no 
hypothesis experiments, 
learning, VTE, and “Jooking for 
stimulus” experiments, do not, 
such, throw light upon the widths of 
the maps which are picked uP but do 
indicate the generally map-like and 
self-initiated character of learning. 

For the beginning of an attack upon 
the problem of the width of the maps 
Jet me turn to the last group of ex- 
periments. 
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Figure 14 
The genesis of “hypotheses” in rats. 


4, p. 46.) 


(5) “Spatial Orientation” 
Experiments 


As early as 1929, Lashley reported 
incidentally the case of a couple of 
his rats who, after having learned an 
alley maze, pushed back the cover near 
the starting box, climbed out and ran 
directly across the top to the goal-box 
where they climbed down in again and 
ate. Other investigators have reported 
related findings. All such observations 
suggest that rats really develop wider 
spatial maps which include more than 
the mere trained-on specific paths. In 
the experiments now to be reported 
this possibility has been subjected to 
further examination. 

In the first experiment, Tolman, 
Ritchie and Kalish (actually Ritchie 
and Kalish) used the set-up shown in 
Fig. 15. 

This was an elevated maze. The 
animals ran from A across the open 
circular table through CD (which had 
alley walls) and finally to G, the food 
box. H was a light which shone di- 
rectly down the path from G to F. 
After four nights, three trials per 
night, in which the rats learned to run 
directly and without hesitation from 
A to G, the apparatus was changed 
sun-burst shown in Fig. 16. The 
th and the table remained 
series of radiating 


to the 
starting pa 
the same but a 
paths was added. 

The animals were again started at 
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Figure 15 
(From E. C. Tolman, B. F. Ritchie and 


D. Kalish, Studies in spatial learning. 
I. Orientation and the short-cut. J. exp. 
Psychol., 1946, 36, p. 16) 
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Figure 16 
(From F. C. Tolman, B. F. Ritchie and 
D. Kalish, Studies in spatial learning 
J. Orientation and the short-cut. J. exp 


Psychol.. 1946, 36. p. 17.) 


A and ran across the circular table 
into the alley and found themselves 
blocked. They then returned onto the 
table and began exploring practically 
all the radiating paths. After going out 
a few inches only on any one path, 
each rat finally chose to run all the 
way out on one. The percentages of 
rats finally choosing each of the long 
paths from 1 to 12 are shown in Fig. 
17. It appears that there was a pre- 
ponderant tendency to choose path 
No. 6 which ran to a point some four 
inches in front of where the entrance 
to the food-box had been. The only 
other path chosen with any appreci- 
able frequency was No. 1—that is, the 
path which pointed perpendicularly 
to the food-side of the room. 

These results seem to indicate that 
the rats in this experiment had 
learned not only to run rapidly down 
the original roundabout route but 
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Figure 17 
ach of the 
Tolman, B. F. Ritchie 
and D. Kalish, Studies in spatial learning 
I. Orientation and the Shortcut. J. exp. 


Psychol., 1946, 36, p. 19.) 


ANRC 


SSS 


SRS 


Number of rats which chose c 
paths (From EF. €; 


also, when this was blocked and radi- 
ating paths presented, to select one 
pointing rather directly towards the 
point where the food had been or else 
at least to select a path running per- 
Pendicularly to the food-side of the 
room. 

As a result of their original training, 
the rats had, it would seem, acquired 
not merely a strip-map to the effect 
that the original specifically trained- 
on path led to food but, rather, a 
wider comprehensive map to the ef- 
fect that food was located in such and 
such a direction in the room. 

Consider now a further experiment 
done by Ritchie alone. This experi- 
Ment tested still further the breadth 
of the spatial map which is acquired. 
In this further experiment the rats 
Were again run across the table—this 
time to the arms of a simple T. (See 
Fig. 18.) 


RAT CAGES 


Figure 18 
(From B. E. Ritchie. Ph.D. Thesis: ‘spatial 
oig in rats.’ On deposit in the Li 
"ary of the University of California. 
Berkeley, California.) 
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Twenty-five animals were trained 
for seven days, 20 trials in all, to find 
food at F,; and twenty-five animals 
were trained to find it at Fa. The L's 
in the diagram indicate lights. On the 
eighth day the starting path and table 
top were rotated through 180 degrees 
so that they were now in the position 
shown in Fig. 19. The dotted lines 
represent the old position. And a se- 
ries of radiating paths was added. 
What happened? Again the rats ran 
across the table into the central alley. 
When, however, they found them- 
selves blocked, they turned back onto 
the table and this time also spent 
many seconds touching and trying out 
for only a few steps practically all the 
paths. Finally, however, within seven 
minutes, 42 of the 50 rats chose one 
path and ran all the way out on it. 
The paths finally chosen by the 19 of 
these animals that had been fed at Fy 


RAT CAGES 


Figure 19 
From B. F. Ritchie. Ph.D. Thesis: 'Spatial 
in rats, On deposit in the Li- 
of California, 


( 
learning 
brary of 
Berkeley, California.) 


the University 
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(From B. F. Ritchie. Ph.D. Thesis: 
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Figure 20 


‘Spatial learning in rats.’ On deposit in the 


Library of the University of California, Berkeley, California.) 


and by the 23 that had been fed at F> 
are shown in Fig. 20. 

This time the rats tended to choose, 
not the paths which pointed directly 
to the spots where the food had been, 
but rather paths which ran perpendic- 
ularly to the corresponding sides of 
the room. The spatial maps of these 
rats, when the animals were started 
from the opposite side of the room, 
were thus not completely adequate to 
the precise goal positions but were 
adequate as to the correct sides of the 
room. The maps of these animals 
were, in short, not altogether strip- 
like and narrow. 

This completes my report of experi- 
ments. There were the latent learning 
experiments, the VTE experiments, 
the searching for the stimulus experi- 
ments, the hypothesis experiments, 
and these last spatial orientation ex- 
periments. 

And now, at last, I come to the hu- 
manly significant and exciting prob- 
lem: namely, what are the conditions 
which favor narrow strip-maps and 


what are those which tend to favor 
broad comprehensive maps not only 
in rats but also in men? 

There is considerable evidence scat- 
tered throughout the literature bear- 
ing on this question both for rats and 
for men. Some of this evidence was 
obtained in Berkeley and some of it 
elsewhere. I have not time to present 
it in detail. I can merely summarize 
it by saying that narrow strip maps 
rather than broad comprehensive 
maps seem to be induced: (1) by a 
damaged brain, (2) by an inadequate 
array of environmentally presented 
cues, (3) by an overdose of repetitions 
on the original trained-on path and 
(4) by the presence of too strongly 
motivational or of too strongly frus- 
trating conditions. 

It is this fourth factor which I wish 
to elaborate upon briefly in my con- 
cluding remarks, For it is going to be 
my contention that some, at least, of 
the so-called psychological mecha- 
nisms’ which the clinical psychologists 
and the other students of personality 


have uncovered as the devils underly- 
ing many of our individual and social 
maladjustments can be interpreted as 
narrowings of our cognitive maps due 
to too strong motivations or to too in- 
tense frustration. 

My argument will be brief, cavalier, 
and dogmatic. For I am not myself a 
clinician or a social psychologist. 
What I am going to say must be con- 
Sidered, therefore, simply as in the 
nature of a rat psychologists ratiocina- 
tions offered free. 

By way of illustration, let me sug- 
gest that at least the three dynamisms 
called, respectively, "regression," "fix- 
ation," and "displacement of aggres- 
sion onto outgroups" are expressions 
of cognitive maps which are too nar- 
row and which get built up in us as a 
result of too violent motivation or of 
too intense frustration. 


(a) Consiwer REG 


_ This is the term used for those cases 
in which an individual, in the face of 
too difficult a problem, returns to 
Carlier more childish ways of behav- 
ing. Thus, to take an example, the 
Overprotected middle-aged woman 
(reported a couple of years ago in 
Time Magazine) who, alter losing her 
husband, regressed (much to the dis- 
tress of her growing daughters) into 
dressing in too youthful a fashion 
and into competing for their beaux 
and then finally into behaving like a 
child requiring continuous care, 
Would be an illustration of regression. 
l would not wish you to put too much 
Confidence in the reportorial accuracy 
Of Time, but such an extreme case 
is not too different from many aC 
tually to be found in our mental hos- 
Pitals or even sometimes in ourselves. 
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In all such instances my argument 
would be (1) that such regression re- 
sults from too strong a present emo- 
tional situation and (2) that it con- 
sists in going back to too narrow an 
earlier map, itself due to too much 
frustration or motivation in early 
childhood. Time’s middle-aged woman 
was presented by too frustrating an 
emotional situation at her husband’s 
death and she regressed, I would 
wager, to too narrow adolescent and 
childhood maps since these latter had 
been originally excessively impressed 
because of overstressful experiences at 
the time she was growing up. 


(b) CONSIDER FIXATION 


Regression and fixation tend to go 
hand in hand. For another way of 
stating the fact of the undue persist- 
ence of early maps is to say that they 
were fixated. This has even been dem- 
onstrated in rats. If rats are too 
strongly motivated in their original 
learning, they find it very difficult to 
relearn when the original path is no 
longer correct. Also after they have 
relearned, if they are given an electric 
shock they, like Time's woman, tend 
to regress back again to choosing the 


earlier path. 


ConsweR THE — Dis- 


(c) FINALLY, 
T Or AGGRESSIONS ONTO 


PLACEMEN 
OUTGROUPS" 


Adherence to one's own group is an 
ever-present tendency among primates. 
It is found in chimpanzees and mon- 
keys as strongly as in men. We pri- 
mates operate in groups. And each in- 
dividual in such a group tends to 
identify with his whole group in the 
sense that the group’s goals become 
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his goals, the group’s life and im- 
mortality, his life and immortality. 
Furthermore, each individual soon 
learns that, when as an individual he 
is frustrated, he must not take out his 
aggressions on the other members of 
his own group. He learns instead to 
displace his aggressions onto out- 
groups. Such a displacement of ag- 
gression I would claim is also a nar- 
rowing of the cognitive map. The 
individual comes no longer to distin- 
guish the true locus of the cause of 
his frustration. The poor Southern 
whites, who take it out on the Negroes, 
are displacing their aggressions from 
the landlords, the southern economic 
system, the Northern capitalists, or 


wherever the true cause of their frus- 
tration may 


lie, onto a merely conven- 
ient outgrov 


1p. The physicists on the 
Faculty who criticize the hur 
or we psychologists who crit 
the other 


nanities, 
icize all 
departments, or the Univer- 
sity as a whole which criticizes the 
Secondary School system or, vice versa, 
the Secondary School system which 
criticizes the University—or, on a still 
larger and far more dangerous scene 
—we Americans who criticize the Rus- 
sians and the Russians who criticize 
us, are also engaging, at least in part, 
in nothing more than such irrational 
displacements of our aggressions onto 
outgroups. 
I do not mean to imply that there 
may not be some true interferences by 
the one group with the goals of the 
other and hence that the aggressions 
of the members of the one group 
against the members of the other are 
necessarily wholly and merely dis- 
placed aggressions. But I do assert 
that often and in large part they are 
such mere displacements. 
Over and over 
blinded by too 


again 
violent 


men are 
motivations 


and too intense frustrations into blind 
and unintelligent and in the end des- 
perately dangerous hates of outsiders. 
And the expression of these their dis- 
placed hates ranges all the way from 
discrimination against 
world conflagrations. 
What in the name of Heaven and 
Psychology can we do about it? My 
only answer is to preach again the 
virtues of reason—of, that is, broad 
cognitive maps. And to suggest that 
the child-trainers and the world-plan- 
ners of the future can only, if at all, 
bring about the presence of the re- 
quired rationality (% comprehensive 
maps) if they see to it that nobody's 
children are too over-motivated or too 
frustrated. Only then can these chil- 


dren learn to look before and after, 
learn to see that there are 


minorities to 


often round- 
about and safer paths to their quite 


Proper goals—learn, that is, to realize 
that the well-beings of White and of 
Negro, of Catholic and of Protestant, 
of Christian and of Jew, of American 
and of Russian (and even of males and 
females) are mutually interdependent. 

We dare not let ourselves or others 
become so over-emotional, so hungry, 
so ill-clad, so over-motivated that only 
narrow strip-maps will be developed. 
All of us in Europe as well as in Amer- 
ica, in the Orient as well as in the Oc- 
cident, must be made calm enough 
and well-fed enough to be able to 
develop truly comprehensive maps, or, 
as Freud would have put it, to be able 
to learn to live according to the Real- 
ity Principle rather than 
the too Narrow and 
Pleasure Principle. 

We must, 
dren 


according to 
100 immediate 


in short, 
and ourselves ( 
perimenter would his rats) 
timal conditions of 
tion and of an 


subject our chil- 
as the kindly ex- 
to the op- 
moderate motiva- 


absence of unnecessary 


frustrations, whenever we put them 


and ourselves before that great God- 
given maze which is our human world. 
I cannot predict whether or not we 
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will be able, or be allowed, to do this; 
but I can say that, only insofar as we 
are able and are allowed, have we 


cause for hope. 


PART FOUR 


are primarily concerned with how 


Physiological psychologists 
understanding what goes on inside the head will lend insight into be- 
le the idea is not to study physiological 


d approaches to 


havior: i 
avioral mechanisms. As a ru 
e following 


Processes per se, but to use physiological techni 
get at questions of primary interest to the psy 
eries of papers is particularly committed to this view. 


% à à 
ery exceptional findings. 
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sroaches to the study of behavior are responsible 
ary conditions for psychological theory. 
While many strict behavioral problems are not interpretable in terms 
of physiology, physiological knowledge can save the theorist from egre- 
gious errors in his predictions. Likewise, physiological experimentation 
can clear the way for thinking about such issues as how the brain handles 
information over long periods of time. In this light, the classic work of 


Roger W. Sperry re nature of the neural networks during and after 
8 . Sperry on t 
ibuted in a major way to theories of memory and 


Physiological apr 
for setting many of the bound 


embryogenesis has contr 
learning. 

Sperry and Hibbard's 
strating that the fibers from the eye 
ticular areas in the brain. Indeed, it sugges 
growth process, but a completely organized one. In 


show how much of the nervous system is pre-wired and the neural cir- 
It has direct and compelling implications for ques- 


he nature of intelligence, a5 well as other behavioral 


article discusses an elegant experiment demon- 
connect in a specific fashion to par- 
ts that this is not a random 
brief, their results 


cuitry pre-ordained. 
tions dealing with t 
traits. Think about it. 
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BIOLOGICAL DETERMINANTS OF BEHAVIOR 


REGULATIVE FACTORS IN THE 
ORDERLY GROWTH OF 


RETINO-TECTAL CONNEXIONS 


R. W. Sperry 
E. Hibbard 


As a model for the study of the dev 


el- 
opmental patterning of brain path- 
ways and connexions, the optic tract of 


lower vertebrates connecting the ret- 
ina of the eye to the midbrain tectum 
offers a number of long-recognized 
advantages, Much of our current un- 
derstanding of the developmental or- 
ganization of brain circuits stems from 
€xperiments on this fairly simple and 
accessible optic System. "There is good 
reason to think that the basic develop- 
mental mechanisms found to operate 
in the prefunctional Shaping of this 
system for visual behaviour have wide 
application to the developmental pat- 
terning of the nervous system in gen- 
eral. 

Strange as it may seem today, the 
first experiments on the growth of be- 
havioural organization in this system 
were designed to determine whether 
the basic visual properties, like percep- 
tion of directionality, size, movement, 
contour, and so on, are installed di- 
rectly by the growth process itself or 


Reprinted from the Ciba Foundation Sym 
posium on Growth of the Nervous System, 
edited by G. k. W. Wolstenhove and M. 
O'Connor, J. and A. Churchill, Ltd., London, 
1968, pp. 41-52. Reproduced by permission 


have to be organized through use and 
behavioural adjustment (Sperry, 1965). 
This was a little over 
now, when it w; 
the growth of n 
selective, 


25 years ago 
is still believed that 
erve fibres was non- 
subject only to mechanical 


guidance. Chemical and electrical 
guidance appeared to have been ruled 
Out, and severa] lines 


of evidence 
that selective synaptic 
unimportant, at least 
for orderly behaviour, "Instinct" was 
sull a bad word in science and the 
whole concept of the inheritance of 
behavioural patterns remained anath- 
ema to prevailing doctrines in psy- 
chology. No developmental machinery 
was then known or available, even in 
theory, by which the highly ordered 
and precisely designed neural connex- 
ions for behaviour could be “grown 
into” the nervous system without the 
aid of function, Neurobiotaxis, with 
its dependence on function for selec- 
Uvity, was stil] the prevailing favourite 
among explanatory concepts. Even the 
old master, Cajal, had been willing to 
leave it to function when it came to 
the detailed central adjustments of 
synaptic associations for behaviour. 

We have come a long w 


seemed to show 
connexions are 


ay since 
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then, of course, and the issue of growth 
versus function seems now to be quite 
seuled and dead, at least in the case 
of retino-tectal connexions. The ques- 
ee is nevertheless of some current 
concern with respect to many of the 
other fibre tracts of the brain, particu- 
larly in man. It would seem fairly safe 
to speculate in this regard that the 
Patterning of most of the long fibre 
REC of the CNS, even in man, is 
ku Von im problem of developmental 
cA imagi not one of learning. An- 
I May of saying the same thing 1s 
m if learning involves changes in 
a morphology of nerve connexions 
at all, these would appear to be con- 
fined to dendritic relations and local 
neuron circuits without affecting very 
much the patterning of the long fibre 
Systems of the brain. 

Once the growth-versus-function is- 
sue was settled in favour of growth 
(Sperry, 1944), attention was turned 
to the nature of possible develop- 
mental mechanisms. The next general 
gon tion and one still pertinent and 
basic to the nervous system as a whole 
—concerned the extent to which or- 
derly selective function is dependent 
ES selectivity and orderliness in the 
nderlying neural connexions. AS late 
as 1954 it was being suggested that 
DM visual recovery might be ex- 
mon even though the divided optic 
patte reconnected in a random diffuse 
PIRE. with retino-tectal commun’ 
e AH based on a physiological cod- 

8-decoding scheme. Similarly the 
(193 1940 Resonance Principle of Weiss 
1937) and a more recent interpreta- 
ae along similar lines proposed by 
wentágothaí (1961) and székely (1966) 

d provide for selective communi- 
absence of selec- 


un 
ation regardless of 
f the fibre 


tivity i 
Wity in the morphology 9 
Connexions. 


Evidence the normal topo 


that 
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graphical projection on the tectum is 
in fact restored after section and 
scrambling of the optic fibres came 
first from experiments in which local- 
ized lesions were made in the frog 
tectum. The position and size of the 
resultant scotoma or blind area were 
found to be the same whether the lo- 
calized lesion was made before division 
of the optic nerve or after regeneration 
(Sperry, 1944)—a result obtainable 
only if the regenerated projection 
map had been restored in its original 
pattern. Further confirmation on a 
more refined scale has since come from 
electrical mapping methods, particu- 
larly in the studies of Gaze and his 
associates (reviewed in Gaze, 1967). 
Confirmation has also been obtained 
with histological procedures (Attardi 
and Sperry, 1960, 1963). The pattern- 
ing of the optic fibre pathways and 
their terminal connexions was shown 
in the latter studies to be selectively 
predetermined according to the locus 
of origin of the optic fibre in the ret- 
inal field. Fibres from different retinal 
re found to exhibit different 
e different species 


sectors We 
growth patterns, lik 
of plants, by which they selectively re- 
their various predetermined 
target zones in the tectal field. 

Other experiments, with H. L. Ar- 
ı and A. J. Limpo (see Sperry, 1965), 
have shown that colour perception— 
like position, directionality, move- 
ment, size, and contour perception— 
undergoes an orderly reinstatement in 
optic nerve regeneration. In summary, 
all the basic functional attributes of 
vision appear thus to be restored in 
regeneration of the scrambled optic 
fibres. Endogenous physiological prop- 
erties of different sensory and neural 
cell types were presumed to be in- 
volved, as well as synaptic connexions. 
Where the experiments have been 
extended into prefunctional stages in- 


gained 


ora 


250 


volving initial nerve outgrowth, simi- 
lar results have been obtained (see 
Székely, 1966). 

As early as 1942 it was inferred 
(Sperry, 1942) that optic fibres arising 
from different retinal loci must be dis- 
tinguished from one another accord- 
ing to the location of their ganglion 
cell bodies in the retinal field, “prob- 
ably through differential physical- 
chemical properties induced in them 
by differentiation of the optic cup in 
development". It was suggested further 
(Sperry, 1945) that the retina must 
undergo a gradient or field type of 
differentiation along at least two sep- 
arate axes and that contralateral eye 
transplants might demonstrate that 
the anteroposterior gradient is es. 
tablished before the dorsoventral 
gradient. A corresponding biochemical 
specification of the tectal field was 
likewise inferred and it was postulated 
that differential affinities must exist 
between the tectal neurons and the 
optic fibres, With Supporting results 
from the vestibular, cutaneous, cen- 
tral and motor Systems (Sper ry, 1951a, 
b) the basic concepts were extended 
to the development of the nervous sys. 
tem generally. This material has been 
reviewed in some detail on four sepa- 
rate occasions in the past three years 
(Gaze, 1967; Jacobson, 1966; Sperry, 
1965; Székely, 1966) and does not need 
further amplification. 


Recent work on the optic system has 
been aimed at more detailed analysis 
of the various phases of the postulated 
specification. processes, chemical-affin- 
ity mechanisms, and related factors. 
Gaze, Jacobson and Székely (1963) 
tested the elasticity of the tectal gradi- 
ents in response to ingrowth of fibres 
from compound eyes composed of two 
nasal or two temporal half-fields In 
this interesting experiment it appeared 
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as if the recipient tectal half-field had 
spread to cover the entire tectum, pro- 
ducing a rather radical change in the 
pattern of tectal differentiation. How- 
€ver, as we suggested to Dr. Székely in 
à seminar at the Massachusetts Insti- 
tute of Technology a few years ago 
(see also Sperry, 1965), one should 
probably reserve judgment on the in- 
terpretation of these results until the 
effects of tectal hyperplasia and hypo- 
plasia, in response to the overload and 
diminished innervation, can be ruled 
out. The spread of the innervated half 
of the tectal gradient into the dener- 
vated half may be more apparent than 
real and more mechanical than chem- 
ical. Related. problems are mainly of 
embryological interest. They bear pri- 
marily on the developmental dynamics 
of the morphogenctic field and have 
only remote significance 
of brain function. 

A question w 
logical implic 
gree of local 
in the optic 
tectum. 


for problems 


ith more direct neuro- 
ations concerns the de- 
resolution and overlap 
fibre projection on the 
How large is the terminal 
arborization field of a single fibre and 
with how many tectal cells over how 
large a dendritic field does one optic 
fibre synapse? How much overlap is 
there in the synaptic zone of neigh- 
bouring individual fibres? How do 
these compare in the normal and in 
the regencrated condition? The an- 
wers to these and related 
may be expected to di 
Species and for 
retina, 


questions 
ffer in different 
different parts of the 
4 age a rough approxi- 
mation would be helpful in judging 
the higher degrees of ; 
quired in the 
restore norm 


At this st 


precision 
regeneration p 
al vision. 
on electrica] Procedur 
Interpret in this con 
the Variables associ 
in amplification 


re- 
rocess to 
The maps based 
es are difficult to 
nexion because of 
ated with changes 
and the uncertainty 
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whether the evoked potentials come 
from optic fibre terminals or from post- 
synaptic firing in the tectal neurons. 

Using Golgi staining of the normal 
two-lay-old chick tectum we have 
seen terminal arborizations of the op- 
tic fibres in considerable numbers, 
measuring about 75 or approxi- 
mately 1/200th of the total arc of the 
central tectal field. A somewhat lower 
order of refinement is probably pres- 
ent in the cichlid fishes like the angel 
fish Pterophyllum scalare and Astrono- 
tus ocellatus, in which we have seen 
visual recovery with little if any loss 
in visual acuity. A large—22 per cent— 
loss of acuity on the average was re- 
ported in another study on 4. ocellatus 
by Weiler (1966). The extent to which 
the regenerative process is able to re- 
produce the normal degree of resolu- 
tion in visual function needs further 
study. It is difficult to judge the degree 
of selective precision of the growth of 
optic fibres from the patte 
lished normally because of the com- 
plex sequence ol possible sustaining 


rn estab- 


factors present in normal develop- 
ment. Observations on the interposi- 
tion of obstacles and other types o 


interruptions in the fibre pattern 


within the tectum (see below) indicate 
that considerable correction is p ble 
in regrowth within the plexiform 


layer close to the target zone- 
us (E. H.) 


arity in the 
retina and 
xs tadpole. 
for the 
pipiens. 


Some years ago one of 
noted a very striking simil 
layered. differentiation. of 
tectum in the developing frc 
This is illustrated in Fig. 
ten-week-old tadpole of. Rana 
While the character of the layering 
and the thickness of the retina remains 
fairly uniform throughout. that of the 
tectum varies somewhat from the dor- 
somedial to the ventrolateral portions 
of the lobe, primarily in the thickness 
of the periventricular cell layer- The 
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segment shown in Fig. 1 represents the 
central part of the lobe, corresponding 
approximately to the position where 
the centre of the visual field would be 
projected. The photographs are shown 
at identical magnifications, the dis- 
tance from the innermost to the outer- 
most uniform cell layers being 175 y 
in both cases. The relative position of 
the optic nerve fibre layer is the same 
in both retina and tectum, but the 
thickness of the tectum is somewhat 
greater because of the marginal layer 
overlying the optic fibres. Although 
the number of cells in each layer ar- 
ranged perpendicular to the surface is 
approximately the same (one in the 
ganglion cell and superficial grey mat- 
ter, eight to ten in the inner nuclear 
and central grey matter, two in the 
outer nuclear and periventricular grey 
matter), the surface area of the tectum 
is less than 60 per cent of that of the 
retina. A considerable amount of con- 
vergence between retinal ganglion 
cells and terminal tectal sites seems 
indicated. The numbers and positions 
of cell layers, the distribution and 
thickness of plexiform layers, and the 
relative position of outgoing and in- 
coming optic fibres in these structures 
appear to be more than coincidental. 

We have been investigating in a 
preliminary way, with Dr. Arora (re- 
viewed in Sperry, 1965), the forces 
that control the growth of optic fibres 
in various parts of the afferent course 
into the tectum, using surgical deflec- 
tions, interruptions and transplanta- 
tions. When the medial and lateral 
brachia of the optic tract are cut short 
and crossed at the anterior tectal pole 
the bulk of the sprouting fibres 
promptly turn. back to regain their 
normal channel. When the lateral 
cut long, is transposed deep into 


tract, 
the medial pathway, most fibres enter 
the medial tract and follow it on 
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Comparison of retinal and tectal stratifica 


Rana pipiens. X 400 

(a) optic fibre layer 

(b) ganglion cell layer 

(c) inner plexiform layer 

(d) inner nuclear layer 

(e) outer plexiform layer 

(f) outer nuclear layer 

(g) limitans 

(h) photoreceptor and pigment 
cell layers 

(i) choroid vessels 


across the equator of the tectum into 
the ventral quadrants before they en- 
ter the plexiform layer to synapse in 
their original zone. When contralat- 
eral fibres are superimposed on a fully 
innervated optic tract they form a 


Figure 1 
adpole of 


tion in a ten-week-old t 


(j) marginal and optic layers 

(k) superficial grey layer 

(1) deep medullary layer 

(m) central grey layer 

(n) deep white layer 

(0) periventricular grey layer 

(p) periventricular fibrous layer 

(q) subependymal granular and 
ependymal layer 

(r) ventricle 


plexiform zone on 
ing mirror locus 
tum. 


The abilit 


ly in the correspond- 
of the opposite tec- 


Y of the optic fibres to 
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starting positions has been investi- 
gated by surgical deflection of the cut 
ADU HENS: The central end of the 
divided optic nerve was apposed to 
the root of the oculomotor nerve in 
such a way that the regenerating optic 
fibres then entered the brain below 
and caudal to the tectum, near the 
point where the oculomotor fibres 
leave. Gaze (1959) had previously re- 
ported a case in which the optic nerve 
inadvertently entered the brain along 
this route. He was able to record a few 
evoked potentials on the contralateral 
tectum corresponding to points of 
stimulation on the retina from which 


the nerve had originated, but was un- 
able to elicit optokinetic responses 
this nerve. In the present 


through 
series, the optic nerve was transposed 
caudally to a point near the roots of 
the oculomotor and trigeminal nerves 
in 14 Xenopus lacvis tadpoles. In 
three cases, both optic nerves entered 
the brain through the oculomotor 
root, and most of the optic fibres suc 
ceeded in making their way back to 
the tectum. However, these connex- 
lons were made with the ipsilateral 
instead of the contralateral tectum— 
not by following the oculomotor fibres 
back towards the nucleus of crania 
nerve III as might have been expected, 
but rather by decussating twice, once 
at the level of the Illrd root and 
again in the region of the optic chi- 
asma (sec Fig. 2). Behaviourally, this 
led to reversed optokinetic responses 
in both directions in two animals, and 
spontaneous circling to the right in 
the third (Hibbard, 1967). : 

In two other cases, the left optic 
nerve regenerated over the surface of 
the brain above the meninges- In one 
of these latter, the aberrant 
nerve was cut again above the mid- 
brain and poked down through a hole 
into the dorsal surface of the ipst 
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no 
e 
oo 


Figure 2 
Diagrams illustrating the courses taken by 
bres from the eye to the tectum in 
tadpole (upper), and 
the optic nerves have 


optic fi 
normal Xenopus 
tadpole in which 
been diverted into the oculomotor nerve 
(lower). The response of the normal 
animal to counter-clockwise rotation of 
an optokinetic drum, indicated by banded 
is to turn to the left. The re- 
of the experimental animal, in 
fibres cross twice and ter- 
il tectal lobes, is 


roots 


arrows, 
sponse 
which optic 
minate in the ipsilaterz 
to turn in the opposite direction. 


lateral tectum. Thirteen days later this 
animal began to show spontaneous 
circling to the left at a rate of about 12 
turns per minute. The deflected optic 
in seven other cases strayed 
and entered the brain along 
the trigeminal nerve root. In travers- 
ing the ophthalmic ramus, ganglion, 
and root of the Vth nerve the optic 
fibres in these cases remained fascicu- 
lated and did not intermingle with 
trigeminal fibres. The optic fibres 


nerves 
caudally 
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could not be followed any distance 
into the brain within the trigeminal 
tract and there was no evidence of 
visual recovery under these conditions. 

The orderly, near-parallel distribu- 
tion of optic fibres in the "parallel" 
or "radiation" layer of the tectum has 
yet to be explained. What are the in- 
visible guidelines or forces that keep 
the fibres from crossing and interspers- 
ing and from curling up or dipping 
down? Are the invisible guidelines 
primarily mechanical or chemical or 
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a combination of both? In an effort 
to get some answers to such questions 
we have made various kinds of experi- 
mental interruptions and derange- 
ments of the parallel layer in adult 
fishes, some examples of which are 
shown in Fig. 3. This work is still in 
progress, but a few points scem to be 
emerging. Although the deflected fi- 
bres seem not to be able to effect much 
change of course within the parallel 
layer itself, the same fibres may show 
extensive readjustment in the plexi- 


Routes taken by regenerating optic fibres from the 


Figure 8 


act in the tectum 


obstacle with fibre- 
fibres are 


medial tr; 
when blocked by tantalum foil barriers. (A) Normal. (B) Small c 


free shadow behind it. (c) Two barriers through which 
(n) Large barrier with fine fibres in the shadow arca behind it. 


funnelled. 


REGULATIVE FACTORS 
form layer just below. This would ap- 
pear to permit a considerable degree 
of target correction near the termina- 
tions and to reduce the degree of pre- 
cision required at choice points in 
more distal portions of the optic fibre 
channels. The deflected fascicles un- 
dulate through the plexiform layer in 
smooth curves and gradually straighten 
out. We have not been able to sub- 
stantiate Leghissa’s (1955) description 
of a criss-cross overlap among the op- 
tic fibres of the parallel layer at the 
posterior equator. 

If, after the optic fibres in the par- 
allel fascicles have been cut, barriers 
of tantalum foil are inserted across 
their course, the regenerating fibres 
pass around the block in a smooth 
flow, leaving : "shadow" area in the 
parallel layer relatively clear of fibres 
immediately behind the block. If two 
strips of foil are placed at angles 
of 45? to the parallel bundles in such 
à way as to form a funnel through 
which the regenerating fibres will pass, 
the deflected fibres pass through the 
narrow opening, at angles of 90° and 
less, later crossing and re-crossing 
other fibres largely below or sometimes 
above the parallel layer proper. They 


Two-headed Xenopus embryo forme 


to study the effect on the cours 
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] by joining 
e of Mauthner's axons. 
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gradually refill the parallel fascicles 
distal to the block, but whether the 
fibres are regaining the same channels 
as they would normally occupy or are 
merely refilling any empty pathways is 
not clear. The undulating pattern sug- 
gests an inertial component in the 
fibre growth, with oscillations and cor- 
rections of deviations from course by 
negative feedback. 

Correction of the course of the out- 
growing axon, apparently in response 
to an anteroposterior gradient effect, 
has been clearly shown in abnormally 
positioned Mauthner cell axons (Hib- 
bard, 1965). If the segment. of hind- 
brain containing the Mauthner cell is 
reversed at an embryonic stage before 
the outgrowth of the axon, the axon 
first grows forward, towards the orig- 
inal posterior end of the grafted seg- 
ment, but then re-curves to proceed 
down the length of the spinal cord. 
In embryos joined back-to-back near 
the end of the hindbrain (see Fig. 4) 
the Mauthner axon proceeds along its 
ty pical course into the twin, but travel- 
ling in the caudo-rostral direction di- 
rectly opposite to normal. Presumably 
the microfilament flare at the growing 
span sufficient rostro- 


tip does not 


Figure 4 


anterior halves of two embryos 
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caudal differences to overcome the in- 
ertial growth component (Swisher and 
Hibbard, 1967). The direction of ad- 
vance of a single growing fibre is prob- 
ably better viewed as a reflection of 
the algebraic sum of the combined 
adhesive forces of all the active micro- 
filaments than as the sequence of 
single strong filament successes. Van 
der Loos (1965), studying abnormally 
oriented pyramidal cells in the cortex, 
has suggested that the initial out- 
growth of the axon, in some instances 
at least, as well as the spread of the 
dendrites, is intrinsically determined 
within the cell and is dependent upon 
the position of the cell, while further 
outgrowth of the axon is determined 
by extrinsic factors, 


Summary 


The nerve tract connecting eye to 
brain, together with its afferent and 
efferent association within the retina 
at one end and within the midbrain 
tectum at the other, may be regarded 
as a model system for the study of the 
developmental organization of brain 
pathways and synaptic connexions. 
The physiological and behavioural 
properties of this System indicate a 
high degree of complexity, precision, 
diversity, and refinement in the under- 
lying neural relations; any under- 
standing of the regulative factors by 
which this optic system is organized in 
growth should therefore take us a long 
way towards a general understanding 
of the basic developmental mechan- 
isms for the inherent patterning of 
brain pathways and connexions. 

The orderly formation of retino- 
tectal connexions, both in develop- 
ment and in regeneration, has been 
studied extensively in experiments 
involving surgical, behavioural, histo- 
logical, electrical, biochemical, and re- 


BIOLOGICAL DETERMINANTS OF BEHAVIOR 


lated methods, applied separately and 
in combination. The principal regula- 
tive factors disclosed so far by the 
accumulated evidence have been out- 
lined and some of the behavioural and 
histological results briefly illustrated. 
Some newer observations have been 
presented that deal with the pattern- 
ing of fibre routes and connexions 
within the tectum, with a correspond- 
ence in retinal and tectal stratification, 
with the growth patterns of transposed 
optic nerves, and with the oriented 
advance of individual axons. An at- 
tempt is made to show how the devel- 
opmental mechanisms inferred from 
experiments on the retino-tectal rela- 
tions of lower vertebrates could also 
account in principle for the ontoge- 
netic organization of the much more 
complicated mammalian Visual system. 
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What is it about the brain that allows us to differentiate squares 
from triangles, curves from Straight lines, or more generally any figure 
from the background? In other words, how does the visu 
For years psychologists and physiologists h 
recently has the visual system been the 
analysis. In one of their outstanding papers, Hubel and Wiesel demon- 
strate how a sensory system of the br 
and the physiological 
gives us hints on the 
electrodes, physiological responses from single 
vision patterns of assorted nature are 
While recording from one 
show how that ne 


al system work? 
ave puzzled over this, and only 
subject of direct physiological 


ain can be systematically analyzed 
properties of the system delineated in a way that 


nature of visual perception. Using tiny micro- 


neurons are studied while 
presented in full view of a cat. 
neuron in the visual cortex they are able to 
uron responds to a figure presented in the external 
world. From such studies they build an elaborate. and intricate, but 
highly fascinating, Story on the physiological basis of visual perception. 
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RECEPTIVE FIELDS OF 


SINGLE NEURONES IN THE 


CATS STRIATE CORTEX 


D. H. Hubel 
T. N. Wiesel 


In the central nervous system the vis- 
ual pathway from retina to striate 
Cortex. provides an opportunity to ob- 
serve and compare single unit Te 
sponses at several distinct. levels. Pat- 
terns of light stimuli most effective in 
influencing units at one level may no 
longer be the most effective at the 
next. From differences in responses at 
Successive stages in the pathway onc 
may hope to gain some understanding 
of the part cach stage plays in visual 
perception. 

By shining small spots of 
the lightadapted cat retina Kuffler 
(1953) showed that ganglion cells have 
concentric receptive fields, with an 
on’ centre and an ‘olf’ periphery, OY 
vice versa, The ‘on’ and ‘off’ areas 
Within a receptive field were found to 
be mutually antagonistic, and a spot 
restricted to the centre of the field was 
more effective than one covering the 


light on 


whole receptive field (Barlow, Fitz- 
Hugh & Kuffler, 1957). In the freely 
moving light-adapted cat it was found 


that the great majority of cortical cells 
Studied gave little or no response to 
light stimuli covering most of the ani- 
mal's visual field, whereas small spots 
Physiology. 1959. 


Repyi [ 
Reprinted from Journal of 
permission 


148, pp. 574-91, Reproduced by 


shone in a restricted retinal region 
often evoked brisk responses (Hubel, 
1959). A moving spot of light often 
produced stronger responses than a 
stationary one, and sometimes a mov- 
ing spot gave more activation for one 
direction than for the opposite. 

The present investigation, made in 
acute preparations, includes a study of 
receptive fields of cells in the cat's 
striate cortex. Receptive fields of the 
cells considered in this paper were di- 
ed into separate excitatory and in- 


vid 
In this 


hibitory Con' and ‘off’) area 
respect they resembled retinal gan- 
glion-cell receptive fields. Howey the 
shape and arrangement of excitatory 
and inhibitory areas differed strikingly 
from the concentric pattern found in 
retinal ganglion cells. An attempt was 
made to correlate responses to mov- 
ing stimuli with receptive field ar- 
rangements. Some cells could be acti- 
vated from either eye, and in these 
ar interaction was studied. 


binocul 


Methods 


In this series ol experiments twenty- 
four cats were used. Animals were 
anaesthetized with intraperitoneal thi- 
opental sodium (40 mg kg) and light 
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anaesthesia was maintained through- 
out the experiment by additional in- 
traperitoneal injections. The eyes were 
immobilized by continuous intrave- 
nous injection of succinylcholine; the 
employment of this muscle relaxant 
made it necessary to use artificial res- 
piration. Pupils of both eyes were di- 
Jated and accommodation was relaxed 
by means of 1% atropine. Contact 
lenses used with a suitably buffered 
solution prevented the corneal sur- 
faces from drying and becoming 
cloudy. The lids were held apart by 
simple wire clips. 

A multibeam ophthalmoscope de- 
signed by Talbot & Kuffler (1952) was 
used for stimulation and viewing the 
retina of the left eye. Background il- 
lumination was usually about 0-17 log. 
metre candles (m.c.), and the strongest 
available stimulus was 1-65 log. m.c. 
Many sizes and shapes of spots of light 
could be produced, and these were 
well focused on the retina. Stimulus 
durations were of the order of 1 sec. 

For binocular studies a different 
method of light stimulation was used. 
The animal faced a large screen cov- 
ering most of the visual field. On this 
screen light spots of various sizes and 
shapes were projected. The light 
source was a tungsten filament pro- 
jector mounted on an adjustable tri- 
pod. Stimuli could be moved across 
the screen in various directions and 
with different speeds. Spots subtend- 
ing an angle as small as 12 min of arc 
at the cat's eyes could be obtained, but 
generally 0-5-1° spots were used for 
mapping receptive fields. (Dimensions 
of stimuli are given in terms of equiv- 
alent external angles; in the cat 1 mm 

on the retina subtends about 4°.) Spots 
were focused on the two retinas with 
lenses mounted in front of the cat's 
eyes. Lenses for focusing were selected 
by using a retinoscope. Spot intensi- 
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ties ranged from -0-76 to 0°69 log. 
cd/m?. A background illuminance of 
—1:9 log. cd/m? was given by a tung- 
sten bulb which illuminated the whole 
screen diffusely. Intensities were meas- 
ured by a Macbeth Illuminometer. 
Values of retinal illumination corre- 
sponding to these intensities (Talbot 
& Kuffler, 1952, Fig. 4) were within the 
photopic range but were lower than 
those employed with the ophthalmo- 
scope. Whenever the two methods of 
stimulation were checked against each 
other while recording from the same 
unit they were found to give similar 
results. This principle of projecting 
light spots on a screen was described 
by Talbot & Marshall (1941). Arcas 
responsive to light were marked on 
sheets of paper fixed on the screen, 
in such a way as to indicate whether 
the responses were excitatory or in- 
hibitory. The sheets of paper then 
provided permanent records of these 
responses, and showed the shape, size, 
and orientation of the regions. 

Single unit activity was recorded ex- 
tracellularly by techniques described 
previously (Hubel, 1959). A hydraulic 
micro-electrode positioner was at- 
tached to the animal's skull by a 
rigidly implanted plastic peg. The 
cortical surface was closed off from 
the atmosphere to minimize respira- 
tory and vascular movements of the 
cortex (Davies, 1956). This method 
gave the stability needed for thorough 
exploration of each receptive field, 
which often took many hours. Elec- 
trodes were electrolytically sharpened 
tungsten wires insulated with a vinyl 
lacquer (Hubel, 1957). Cathode fol- 
lower input and a condenser-coupled 
preamplifier were used in a conven- 
tional recording system. 

Recordings were made from parts 
the lateral gyrus extending from 
posterior limit to about Horsley- 


of 
its 
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Clarke frontal plane 10. At the end 
of each penetration an electrolytic 
lesion was made (Hubel, 1959) and at 
the end of the experiment the animal 
was perfused, first with normal saline 
and then with 10% formalin. The 
borders of the trephine hole were 
marked with India ink dots and the 
brain was removed from the skull and 
photographed. Paraffin serial sections 
were made in the region of penetra- 
tion and stained with cresyl violet. 
These sections showed that all units 
described were located in the grey 
matter of the striate cortex. Correla- 
tion between location of units in the 
striate cortex and physiological find- 
ings will not be dealt with in this pa- 
per. 

There is evidence that cortical cells 
and afferent fibres differ in their firing 
Patterns and in their responses to dif- 
fuse light (Hubel, 1960). The assump- 
tion that the spikes recorded were 


from cell bodies is based on these 
differences, as well as on electrophysio- 
II- 


distinguishing ce 


logic criteria for 
(Frank & Fuortes, 


Poy and fibre spikes 
955; Hubel, 1960). 


Results 


ir Several hundred units were recorded 
in the cat's striate cortex. The find- 
E to be described are based on thor 
"uh studies of forty-five of these 
Bad of which was observed for a pe 
. of from 2 to 9 hrs. Times of this 
phe were usually required for ade- 
ate analysis of these units. 
iste agreement with previous finelings 
(H 1e freely moving light-adapted cat 
ai 1959) single cortical uen 
1 impulse activity 1P, me ab 
Won eee in retinal apes 
cee Taintained activity was genera b 
and than in freely moving animals, 
ranged from about 0.110 im- 
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pulses : 
sine 3 rate was possibly 
since on a elei aoe Meran 

; of occasions deep- 
ening the anaesthesia resulted in a 
decrease of maintained activity. This 
b Lio. 

Eac absence of light stim- 
uli, since many quiescent units may 
have gone unnoticed. 

In most units it was possible to find 
a restricted area in the retina from 
which firing could be influenced by 
light. This area was called the recep- 
tive field of the cortical unit, applying 
the concept introduced by Hartline 
(1938) for retinal ganglion cells. The 
procedure for mapping out a receptive 
field is illustrated in Fig. 1. Shining a 
1? spot (250% on the retina) in some 
areas of the contralateral eye produced 
a decrease in the maintained activity, 
burst of impulses when the 
light was turned off (Fig. 1a, b, d). 
Other areas when illuminated pro- 
duced an increase in firing (Fig. lc, €). 
illustrated to the 


with a 


The complete map, 
right of the figure, consisted of a long, 
vertically oriented region 
‘off’ responses were ob- 
flanked on either 
ve ‘on’ responses 


narrow, 
from which 
tained (triangles), 
side by areas which ga 
(crosses). The entire field covered an 
area subtending about 4°. The elon- 
gated off; region had a width of 1° 
and was 4° long. 

Most receptive fields could be sub- 
divided into excitatory and inhibitory 
regions. An area was termed excitatory 
if illumination produced an increase 
in frequency of firing. It was termed 
inhibitory if light stimulation sup- 
pressed maintained activity and was 
followed by an ‘off’ discharge, or if 
either suppression of firing or an ‘off’ 
discharge occurred alone. In many 
units the rate of maintained activity 
was too slow or irregular to demon- 
strate inhibition during illumination, 
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Responses of a cell in th 
field located in the eye co 


ntralateral to 
recorded, 


close to and below the 
meridian. No response evoked fror 
the receptive field is shown to th 
giving inhibitory effects, Scale, 4° 
of each record, a, 1° (0-25 mm) 
spot shone on four points equidis 


Duration of each stimulus 1 sec, p. 


and only an ‘off’ discharge was seen. 
It was, however, always possible to 
demonstrate inhibitory effects if the 
firing rate was first increased by stim- 
ulation of excitatory regions. 

As used here, ‘excitatory’ and in. 
hibitory’ are arbitrary terms, since 
both inhibition and excitation could 
generally be demonstrated from both 
regions, either during the light stim- 
ulus or following it. We have chosen 
to denote receptive field regions ac 
cording to effects seen during the stim- 


€ Cat's striate cortex to s p 
the hemisphere 
area centrali 
m the ipsilateral eye. 
€ right. x, areas 
- Axes of this diagram 
Spot shone in the centr 
tant from centre: J. 5 
field. Background illumination 0-17 log. m. c. 


ositive deflexions upward. 
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Figure 1 
spot of light. Receptive 
from which the unit was 
» just nasal to the horizontal 
The complete map of 
giving excitation; A, a 


cas 
are reproduced on left 
€ of the field; b-e, 1? 
Spot covering the entire 


Stimulus intensity 1:65 log. m.c. 


ulus. Furthermore, 
tion’ is used descri] 
not imply a dire 


the word ‘inhibi- 
atively, and need 
ct inhibitory effect of 
synaptic endings on the cell observed, 


since the Suppression of firing ob- 
Served could also be due to a decrease 
in maintained synaptic excitation. 
When excitatory and inhibitory re- 
gions (used in the sense defined) were 
stimulated simultaneously they inter- 
acted in a mutually antagonistic man- 
ner, giving a weaker response than 
when either region was illuminated 
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alone. In most fields a stationary spot 
large enough to include the whole 
receptive field was entirely without 
effect (Fig. If). Whenever a large spot 
failed to evoke responses, diffuse light 
stimulation of the entire retina at 
these intensities and stimulus dura- 
tions was also ineffective. 

In the unit of Fig. 1 the strongest 
inhibitory responses were obtained 
With a vertical slitshaped spot of 
light covering the central area. The 
Breatest ‘on’ responses accompanied a 
stimulus confined to the two flanking 
regions. Summation always occurred 
within an area of the same type, and 
the strongest response was obtained 
with a stimulus having the approx- 
imate shape of this area. 

In the unit of Figs. 2 and 3 there 
Was weak excitation in response to à 
circular 1? spot in the central region. 
A weak ‘off’ response followed stimula- 
55 in one of the flanking areas (Fig. 
24,0). There was no response to an 8° 
Spot covering the entire receptive 


—— 


Responses of a unit to stimulati 
located in area centralis of contral 


; = — " fra 
me < 


on with circul 
ateral eye. (This unit could also be activated 
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field (Fig. 2c). The same unit was 
strongly activated by a narrow slit- 
shaped stimulus, measuring 1° by 8° 
oriented vertically over the excitatory 
region (Fig. 34). In contrast, a hori- 
zontal slit of light was completely in- 
effective, despite the fact that the cen- 
tral area was capable of evoking a 
response when stimulated alone (Fig. 
2a). As the optimum (vertical) orienta- 
tion of the slit was approached, re- 
sponses appeared and rapidly in- 
creased to a maximum. 

These findings can be readily un- 
derstood in terms of interacting excita- 
tory and inhibitory areas. The 
strength of the response to a vertically 
oriented slit is explained by summa- 
tion over the excitatory region and by 
the exclusion of inhibitory regions. 
When parts of the inhibitory flanking 
areas were included by rotating the 
slit, responses were reduced or abol- 
ished. Thus a horizontal slit was in- 
effective because it stimulated a small 
portion of the central excitatory area, 


4 lg q 
* 

4 aid 4 
1 5 
sa Hi «X 
MP 


Figure 2 
ar spots of light. Receptive field 


centre region; b, same spot displaced 3° 
receptive field. Stimulus and background 
1. Scale, 6°. 


by the ipsilateral eye.) a, 1° spot in the 
to the right; c, 8° spot covering entire 
intensities and conventions as in Figure 
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liil 


Same unit as in Figure 2. A, res 
8°; centre of slit superim 
rotated clockwise 


receptive field: note that this centra 


duration 1 sec. 


and larger portions of the antagonistic 
regions. 

Some units were not responsive 
enough to permit mapping of recep- 
tive fields with small light spots. In 
these the effective stimulus pattern 
could be found by changing the size, 
shape and orientation of the stimulus 
until a clear response was evoked. 
Often when a region with excitatory 
or inhibitory responses was established 
the neighbouring opposing areas in 
the receptive field could only be dem- 
onstrated indirectly. Such an indirect 


ponses to shining 
posed on centre of rec 


as shown to left of figure 
oriented in various directions, with one 


al reg 
alone (Figure 2a). Stimulus and background intensities as in Figure 1 
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Figure 3 
a rectangular light spot, 1° x 
eptive field; successive stimuli 
B, responses to a 19 x 5° slit 


end always covering the centre of the 
ion evoked responses w 


hen stimulated 
; stimulus 


method is illustrated in Fig. 3B, where 
two flanking areas are indicated by 
using a short slit in various positions 
like the hand of a clock, always in- 
cluding the very centre of the field. 
The findings thus agree qualitatively 
with those obtained with a small spot 
(Fig. 2a). 

Receptive fields h 
area and Opposing fl 
a common p 
tions were se 
narrow 
flanking 


aving a central 
anks represented 
attern, but several varia- 
*n. Some fields had long 
central regions with extensive 
areas (Figs. 1-3): others had 
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a large central area and concentrated 
slit-shaped flanks (Figs. 6, 9, 10). In 
many fields the two flanking regions 
were asymmetrical, differing in size 
and shape; in these a given spot gave 
unequal responses in symmetrically 
corresponding regions. In some units 
only two regions could be found, one 
excitatory and the other inhibitory, 
lying side by side. In these cases of 
extreme asymmetry it is possible that 
there was a second weak flanking area 
which could not be demonstrated 
under the present experimental con- 
ditions. 

An interesting example of a field 
with only two opposing regions is 
shown in Fig. 4. The concentrated in- 
hibitory region was confined to an 
area of about 1° (Fig. 4%). The ex- 
citatory area situated to the right of 
the inhibitory was much larger: a spot 
of at least 4° was required to evoke 
a response, and a very strong discharge 
Was seen when the entire 12? ex 
tory area was illuminated (Fig. 4b). 
Despite the difference in size between 
€xcitatory and inhibitory areas, the 
effects of stimulating the two together 
cancelled each other and no response 
Was evoked (Fig. 4c). The semicircular 
Sumulus in Fig. 4b was of special in- 
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Responses evoked only from con 


border of area centralis. 4. 
of a circle 12° in diameter: c. lig 


Background and stimulus intensities 
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1° spot covering 
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terest because the exact position of 
the vertical borderline between light 
and darkness was very critical for a 
strong response. A slight shift of the 
boundary to the left, allowing light 
to infringe on the inhibitory area, 
completely cancelled the response to 
illumination. Such a boundary be- 
tween light and darkness, when prop- 
erly positioned and oriented, was often 
an effective type of stimulus. 

Cortical receptive fields with central 
and flanking regions may have either 
excitatory (Fig. 2) or inhibitory (Figs. 
1, 6, 7) centres. So far we have no in- 
dication that one is more common 
than the other. 

The axis of a field was defined as 
a line through its centre, parallel to 
an optimally oriented elongated stim- 
ulus. For each of the field types de- 
examples were found with axes 


cribed, 
oriented vertically, horizontally or 
obliquely. Orientations were deter- 


mined with respect to the animal’s 
skull. Exact field orientations with 
respect to the horizontal meridians of 
the retinas were not known, since 
relaxation of eye muscles may have 
caused slight rotation of the eyeballs. 
Within these limitations the two fields 
illustrated in Figs. 1-3 were vertically 


x 
* x 
x 
x x 
€ 
x x 
x 


Figure 4 
Receptive field just outside nasal 
the inhibitory region; b, right half 
ng regions illuminated in a and b. 
onventions as in Figure J. Scale, 12°. 
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arranged: a horizontal field is shown 
in Figs. 6, 9, and 10, and oblique fields 
in Figs. 7 and 8. 

All units have had their receptive 
fields entirely within the half-field of 
vision contralateral to the hemisphere 
in which they were located. Some re- 
ceptive fields were located in or near 
the area centralis, while others were in 
peripheral retinal regions. All recep- 
tive fields were located in the highly 
reflecting part of the cat’s retina con- 
taining the tapetum. So far, retinal 
ganglion cell studies have also been 
confined to the tapetal region (Kuf- 
fler, 1953). 

It was sometimes difficult to estab- 
lish the total size of receptive fields, 
since the outer borders were often 
poorly defined. Furthermore, field 
size may depend on intensity and size 
of the stimulus spot and on back- 


ground illumination, as has been 
shown for the retina by Hartline 
(1938) and Kufller (1953). Within 


these limitations, and under the stim- 
ulus conditions specified, fields ranged 
in total size from about 4? to 10°. 
Although in the present investigation 
no systematic studies have been made 
of changes in receptive fields under 
different conditions of stimulation, 
fields obtained in the same unit with 
the ophthalmoscope and with projec- 
tion techniques were always found to 


Same unit as in Figures 2 and 8. Rece ptive 
to a slit (1° » 8°) moved transversely back 
a, slit moved horizontally. b, slit moved vertically. 


intensities as in Figure |: time, | sec. 
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be similar in size and structure, de- 
spite a difference of several loga- 
rithmic units in intensity of illumina- 
tion. This would suggest that within 
this photopic range there was little 
change in size or organization of re- 
ceptive fields. No units have been 
studied in states of dark adaptation. 


Responses to Movement 

Moving a light stimulus in the 
visual field was generally an effective 
way of activating units. As was previ- 
ously found in the freely moving ani- 
mal (Hubel, 1959), these stimuli were 
sometimes the only means by which 
the firing of a unit could be influ- 
enced. By moving spots of light across 
the retina in various directions and at 
different. speeds, patterns of response 
to movement could be outlined in a 
qualitative way. 

Slit-shaped spots of light were very 
effective and useful for studies of 
movement. Here also the orientation 
of the slit was critical for evoking re- 
sponses. For example, in the unit of 
Fig. 3 moving a vertical slit back and 
forth across the field evoked a definite 
response at each crossing (Fig. 5a), 
whereas moving a horizontal slit up 
and down was without effect (Fig. 5b). 
The vertical crossed excitatory 
and inhibitory areas one at a time and 


slit 


Figure 5 
2. Responses 
ceptive field. 
Background and stimulus 


field shown in Figure 
and forth across the re 
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each area could exert its effect unop- 
posed, but a horizontal slit at all times 
covered the antagonistic regions simul- 
taneously, and was therefore ineffec- 
tive. The response to a vertical slit 
moved horizontally was about the 
same for the two directions of move- 
ment. 

In some units a double response 
could be observed at each crossing of 
the receptive field. The receptive field 
in Fig. 6 had an extensive inhibitory 
centre flanked by elongated, horizon- 
tally oriented, concentrated flanking 
regions. A horizontal slit moved slowly 
up or down over the receptive field 
evoked a discharge as each excitatory 
region was crossed. A further descrip- 
tion of this unit is given in the bin- 
ocular section of this paper. 

Many units showed directional se- 
lectivity of a different type in their 
responses to movement. In these a slit 
oriented optimally produced responses 
that were consistently different for 
the two directions of transverse move- 
ment. In the example of Fig. 7, the 
receptive field consisted of a strong 
inhibitory area flanked by two excita- 
tory areas, of which the right was 
weaker than the left. Each region was 


elongated and obliquely oriented. As 
usual, a large 


was ineffective 


spot 
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(Fig. 7c). A narrow slit, with its long 
axis parallel to that of the field, pro- 
duced a strong response when moved 
transversely in a direction down and 
to the left, but only a feeble response 
when moved up and to the right (Fig. 
7d). A tentative interpretation of these 
findings on the basis of asymmetry 
within the receptive field will be given 
in the Discussion. 

A number of units responded well 
to some directions of movement, but 
not at all to the reverse directions. 
An example of this is the unit of Fig. 
8. Again a slit was moved back and 
forth transversely in a number of dif- 
ferent directions. Only movements up 
and to the right evoked responses. As 
with many units, this one could not 
be activated by stationary stimuli; 
nevertheless, by using moving stimuli 
it was possible to get some idea of the 
ficld organization—for exam- 


receptive 
it, the oblique orienta- 


ple, in this un 
tion. 


Binocular Interaction 


Thirty-six units in this study could 
be driven only from one eye, fifteen 
from the eye ipsilateral to the hemi- 
sphere in which the unit was situated, 
and twenty-one from the contralateral. 


Slow up-and-down movements of hort 


of left eye. Burst of impuls 
xcitatory: 
/m 


es 


see Figure 9. X. € 
stimulus intensity 0-69 cc 
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Figure 7 
€ field just temporal to 
d. Left excitatory flanking 


Unit activated from ipsilateral Eye only. Receptiv 


area centralis. Field elongated and obliquely oriente 
region Stronger than right. 


Figure 8 
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ateral eye only; unres, 
spots, influenced by movement in an arca temporal to 
(0:559 x 8?) moved back and forth transversely with diff 
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effective—up and to the right. Stimulus and bac 
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Nine, however, could be driven from 
the two eyes independently. Some of 
these cells could be activated just as 
well from either eye, but often the 
two eyes were not equally effective, 
and different degrees of dominance of 
one eye over the other were seen. In 
these binocular units the receptive 
fields were always in roughly homol- 
ogous parts of the two retinas. For ex- 
ample, a unit with a receptive field in 
the nasal part of the area centralis of 
One eye had a corresponding field in 
the temporal part of the area centralis 
of the other eye. 


d 
lE AFH 
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Receptive fields were mapped out 
on a screen in front of the cat. With 
the eye muscles relaxed with succinyl- 
choline the eyes diverged slightly, so 
that receptive fields as charted were 
usually side by side, instead of being 
superimposed. Whenever the receptive 
fields of a single unit could be mapped 
out in the two eyes separately, they 
were similar in shape, in orientation 
of their axes, and in arrangements 
of excitatory and inhibitory regions 
within the field. 

The receptive fields shown in Fig. 9 
were obtained from a binocularly ac- 


Left eye Right eye 
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(Same unit as in Figure 6.) A.l 
of right eye; 2, same for left eyes 3p 
regions of the two eyes. p. 1, pair 
regions of the right eye: 2, same for P 
four flanking regions. C. k horizontal slit 
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tivated unit in which each field was 
composed of an inhibitory centre 
flanked by narrow horizontal excita- 
tory areas. Responses of the same unit 
to a horizontal slit moved across the 
field have already been shown in Fig. 
6, for the left eye. 

Summation occurred between cor- 
responding regions in the receptive 
fields of the two eyes (Fig. 9). Thus 
simultaneous stimulation of two cor- 
responding excitatory areas produced 
a response which was clearly stronger 
than when either area was stimulated 
alone (Fig. 94). As the excitatory 
flanks within one receptive field 
summed, the most powerful response 
was obtained with a stimulus covering 
the four excitatory areas in the two 
eyes (Fig. 9B), Similarly, summation 
of ‘off’ responses occurred when in- 
hibitory areas in the two eyes were 
stimulated together (Fig. 9C). 

Antagonism could also be shown be- 
tween receptive fields of the two eyes 
(Fig. 104). Stimulated alone the cen- 
tral area of the left eye gave an ‘off’ 


Same unit as in Figure 9. 4. 


in centre of left eye: 2, horizontal slit covering 
eye; 3, simultaneous stimulation of the regions of 
inhibitory region in left eye and an excit 
spot of light 1, right eye covered, spot moved from inl 
producing an ‘off response; 2. left eve covered, 
gion in right eye, producing an ‘on’ response; 
moved from inhibitory region in left eye into e 
producing a greatly enhanced response. Time, 1 sec. 


Antagonism between 
eye and an excitatory region in the right eye: 
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response, and one flanking area of 
the right eye gave an ‘on’ response. 
When stimulated simultaneously the 
two regions gave no response. The 
principles of summation and antag- 
onism could thus be demonstrated be- 
tween receptive fields of the two eyes, 
and were not limited to single cyes. 
Finally, in this unit it was possible 
with a moving stimulus to show that 
Opposite-type areas 
inhibit each other (Fig. 104), but may 
under certain circumstances be mutu- 
ally reinforcing (Fig. 10B). The right 
eye was covered, and a spot was pro- 
jected on the screen, over the centre 
(inhibitory) area of the left eye. Mov- 
ing the spot as illustrated, away from 
the centre region of the left eye, pro- 
duced an ‘off’ response (Fig. 108, 1). 
When the left eye was covered and the 
right eye uncovered, making the same 
movement again evoked a response 
as the flanking excitatory region of 
the right eye was illuminated (Fig. 
10B, 2). The procedure was now re- 
peated with both eyes uncovered, and 


need not always 


Figure 10 
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a greatly increased response was pro- 
duced. (Fig. 108, 3). Here the move- 
ment was made in such a way that 
the 'off response from the left eye 
apparently added to the 'on' response 
from the right, producing a response 
much greater than with either region 
alone. It is very likely that within a 
single receptive field opposite-type 
regions may act in this synergistic way 
in response to a moving stimulus. 


Discussion 


In this study most cells in the striate 
cortex had receptive fields with sep- 
arate excitatory and inhibitory re- 
ions. This general type of organiza- 
tion was first. described by Kuffler 
(1953) for retinal ganglion cells, and 
has also been found in a preliminary 
Study of neurones in the lateral gen- 
iculate body (Hubel & Wiesel, un- 
Published). Thus at three different 
levels in the visual system a cell can 
be inhibited by one type of stimulus 
and excited by another type, while a 
Stimulus combining the two is always 
less effective. Most retinal ganglion 
and geniculate cells give clear re 
Sponses to a large spot of light cover- 
ing the entire receptive field. At the 
Cortical level the antagonism between 
excitatory and inhibitory ap- 
Pears to be more pronounced, since 
the majority of units showed little or 
No response to stimulation with large 
Spots. Similar findings in the cortex 
Of unanaesthetized, freely moving cals 
(Hubel, 1959) suggest that this is prob- 
ably not a result of anaesthesia. 


areas 


Other workers (Jung. 1953, 1958; 
Jung & Baumgartner, 1955) using 
were 


only diffuse light stimulation, 1 
able to drive about half the units 1n 
the cat striate cortex, while the re- 
Mainder could not be activated at all. 
In recent studies (Hubel, 1960) about 
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half the units recorded in striate cor- 
tex were shown to be afferent fibres 
from the lateral geniculate nucleus, 
and these responded to diffuse illumi- 
nation. The remainder were thought 
to be cell bodies or their axons; for 
the most part they responded poorly 
if at all to diffuse light. The apparent 
discrepancy between our findings and 
those of Jung and his co-workers may 
perhaps be explained by the exclusion 
of afferent fibres from the present 
studies. On the other hand it may be 
that cells responsive to diffuse light 
flashes are more common in the cor- 
tex than our results would imply, but 
were not detected by our methods of 
ng and stimulating. However, 
cells may not be primarily 
concerned with levels of diffuse il- 
lumination. This would be in accord 
with the finding that in cats some 
capacity for brightness discrimination 
persists after bilateral ablation of the 
striate cortex (Smith, 1937). 

The main difference between retinal 
1 cells and cortical cells was to 
be found in the detailed arrangement 
of excitatory and inhibitory parts of 
their receptive fields. If afferent fibres 
are excluded, no units so far recorded 
in the cortex have had fields with the 
concentric configuration so typical of 
inglion cells. Moreover, the 
lds found in the cortex have 
not been seen at lower levels. 

Spots of more or less circular (or 
annular) form are the most effective 
stimuli for activating retinal ganglion 
cells, and the diameter of the opti- 
mum spot is dependent on the size of 
the central area of the receptive ND 
(Barlow et ., 1957). At the Loi m 
level a circular spot was often ineftec- 
best driving of each unit 1t 
to find a spot with a 
orientation. The 
ave had 


recordir 
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in common a side-by-side distribution 
of excitatory and inhibitory areas, 
usually with marked elongation of 
one or both types of regions. The 
form and size of the most effective 
light stimulus was given by the shape 
of a particular region. The forms of 
stimulus used in these studies were 
usually simple, consisting of slit- 
shaped spots of light and boundaries 
between light and darkness. Position 
and orientation were critical, since 
imperfectly placed forms failed to 
cover one type of region completely, 
thus not taking advantage of sum- 
mation within that region, and at the 
same time could invade neighbour- 
ing, opposing areas (Fig. 3). 

The phenomena of summation and 
antagonism within receptive fields 
seem to provide a basis for the speci- 
ficity of stimuli, in shape, size and 
orientation. Units activated by slits 
and boundaries may converge upon 
units of higher order which require 
still more complex stimuli for their 
activation. Most units presented in 
this paper have had receptive fields 
with clearly separable excitatory and 
inhibitory areas. However, a number 
of units recorded in the striate cortex 
could not be understood solely in 
these terms. These units with more 
complex properties are now under 
study. 

Other types of receptive fields may 
yet be found in the cortex, since the 
sampling (45 units) was small, and 
may well be biased by the micro- 
electrode techniques. We may, for 
example, have failed to record from 
smaller cells, or from units which, 
lacking a maintained activity, would 
tend not to be detected. We have 
therefore emphasized the common 
features and the variety of receptive 
fields, but have not attempted to 
classify them into separate groups. 
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There is anatomical evidence for 
convergence of several optic tract 
fibres on to single geniculate neurons 
(O'Leary, 1940) and for a more exten- 
sive convergence of radiation fibres 
on to single cortical cells (O'Leary, 
1941). Consistent with these anatomi- 
cal findings, our results show that 
some single cortical cells can be in- 
fluenced from relatively large retinal 
regions. These large areas, the recep- 
tive fields, are subdivided into ex- 
citatory and inhibitory regions; some 
dimensions of these may be very small 
compared with the size of the entire 
fields. This is illustrated by the fields 
shown in Fi 1, 2 and 7, in which 
the central regions were long but very 
narrow; and by that of Fig. 9, in 
which both flanks were narrow. It is 
also shown by the field of Fig. 4, 
which had a total size of about 12? 
but whose inhibitory region was only 
about 1° in diameter. Thus a unit 
may be influenced from a relatively 
wide retinal region and still convey 
precise information about a stimulus 
within that region. 

Movement of a stimulus across the 
retina was found to be a very potent 
way of activating a cell, often more so 
than a stationary spot. ‘Transverse 
movement of a slit usually produced 
responses only when the slit was 
oriented in a certain direction. This 
was sometimes explained by the ar- 
rangement within the receptive fields 
as mapped out with st 
(Fig. 5). 

In many units (Fig. 7) the responses 
to movement in opposite directions 
were strikingly different, Occasionally 
when the optimum direction of move- 
ment was established, there was no 
response to movement in the opposite 
direction. (Fig, 8). Similar effects 
have been observed with horizontally 
moving spots in the unanaesthetized 


ationary stimuli 
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animal (Hubel, 1959). It was not al- 
ways possible to find a simple expla- 
nation for this, but at times the 
asymmetry of strength of flanking 
areas was consistent with the direc- 
tional specificity of responses to move- 
ment. Thus in the unit of Fig. 7 best 
movement responses were found by 
moving a slit from the inhibitory to 
the stronger of the two excitatory re- 
gions. Here it is possible to interpret 
movement responses in ternis of syner- 
gism between excitatory and inhibi- 
tory areas. This is further demon- 
strated in Fig. 10 B, where areas 
antagonistic when tested with station- 
ary spots (Fig. 10 A) could be shown 
to be synergistic with moving stimuli, 
and a strong response was evoked 
When a spot moved from an ‘off’ to 
ün 'on' area. 

Inhibition of unitary responses by 
stimulation of regions adjacent to the 
€Xcitatory area has been described for 
the eccentric cell in the Limulus eye 
(Hartline, 1949) and for ganglion cells 
both in the frog retina (Barlow, 1953) 
and in the cat retina (Kufller, 1953). 
Analogous phenomena have been 
Noted for tones in the auditory system 
(dorsal cochlear nucleus, Galambos, 
1944) and for touch and pressure in 
the somatosensory system (Mounis 
castle, 1957). In each system it has 
been proposed that these mechanisms 
are concerned with enhancing CON- 
trast and increasing sensory discrimi- 
nation. Our findings in the striate 
Cortex would suggest two further pos 
sible functions. First, the particular 
arrangements within recepuve fields 
Of excitatory and inhibitory regions 
Seem to determine the form, 


size and 


e i ive 
Orientation of the most e 
Stimuli, and secondly, these arrang 
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rate eyes with spots of light that some 
cortical units are activated from one 
eye only, either the ipsilateral or the 
contralateral, while others can be 
driven by the two eyes. In view of the 
small number of cells studied, no 
conclusion can be drawn as to the 
relative proportions of these units 
(ipsilaterally, contralaterally and bi- 
laterally driven), but it appears that 
all three types are well represented. 

Studies of binocularly activated 
units showed that the receptive fields 
mapped out separately in the two 
eyes were alike. The excitatory and 
inhibitory areas were located in ho- 
mologous parts of the retinas, were 
similarly shaped and oriented, and 
responded optimally to the same di- 
rection of movement. When corre- 
sponding parts of the two receptive 
fields were stimulated summation oc- 
curred (Fig. 9). Assuming that the 
receptive fields as projected into the 
animal's visual field are exactly super- 
imposed when an animal fixes on an 
object, any binocularly activated unit 
which can be affected by the object 
through one eye alone should be 
much more strongly influenced when 
both eyes are used. The two retinal 
images of objects behind or in front 
of the point fixed will not fall on 
corresponding parts of the fields, and 
their effects should therefore not 
necessarily sum. They may instead 
antagonize each other or not interact 
at all. 

It is possible 
in the visual fie 


that when an object 
ld exerts, through the 
two eyes, à Strong influence on. bin- 
ocularly activated units, those influ- 
ences may lead in some way to an 
increased awareness of the object. If 
that is so, then objects which are the 
same distance from the animal as the 
object fixed should stand out in relief, 
On the other hand such units may be 
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related to mechanisms of binocular 
fixation, perhaps projecting to mid- 
brain nuclei concerned with the regu- 
lation of convergence. 


SUMMARY 


I. Recordings were made from 
single cells in the striate cortex of 
lightly anaesthetized cats. The retinas 
were stimulated separately or simul- 
taneously with light spots of various 
sizes and shapes. 

2. In the light-adapted state corti- 
cal cells were active in the absence of 
additional light stimulation. Increas- 
ing the depth of anaesthesia tended to 
suppress this maintained activity. 

3. Restricted retinal areas which on 
illumination influenced the firing of 
single cortical units were called recep- 
tive fields. These fields were usually 
subdivided into mutually antagonistic 
excitatory and inhibitory regions. 

4. A light stimulus (approximately 
l sec duration) covering the whole 
receptive field, or diffuse illumination 
of the whole retina, was relatively in- 
effective in driving most units, owing 
to mutual antagonism between 
citatory and inhibitory regions. 

5. Excitatory and inhibitory regions, 
as mapped by stationary stimuli, were 
arranged within a receptive field in a 
side-by-side fashion with a central area 
of one type flanked by antagonistic 
areas. The centres of receptive fields 
could be either excitatory or inhibi- 
tory. The flanks were often asym- 
metrical, in that a given stationary 
stimulus gave unequal responses in 
corresponding portions of the flank- 
ing areas. In a few fields only two 
regions could be demonstrated, lo- 
cated side-by-side. Receptive fields 
could be oriented in a vertical, hori- 
zontal or oblique manner. i 

6. Effective driving of a unit re- 


ex- 
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quired a stimulus specific in form, 
size, position and orientation, based 
on the arrangement of excitatory and 
inhibitory regions within receptive 
fields. 

7. A spot of light gave greater re- 
sponses for some directions of move- 
ment than for others. Responses were 
often stronger for one direction of 
movement than for the opposite; in 
some units these asymmetries could 
be interpreted in terms of receptive 
field arrangements. 

8. Of the forty-five units studied, 
thirty-six were driven from only one 
eye, fifteen from the ipsilateral eye and 
twenty-one from the contralateral; the 
remaining nine could be driven from 
the two eyes independently. In some 
binocular units the two eyes were 
equally effective; in others various 
degrees of dominance of one eye over 
the other were seen, 

9. Binocularly activated units were 
driven from roughly homologous re- 
sions in the two retinas. For each unit 
the fields mapped for the 


two eyes 
were similar in size, form and orien- 
tation, and when stimulated with 


moving spots, showed similar 
tional preferences, 

10. In a binocular unit excitatory 
and inhibitory regions of the two re- 
ceptive fields interacted, and summa- 
tion and mutual antagonism could be 


shown just as within a single receptive 
field. 


direc- 


We wish to thank Dr. S. W. Kuffler 
for his helpful advice and criticism. 
and Mr. R. B. Bosler and Mr. P. E. 
Lockwood for their technical assist- 
ance. This work was supported in part 
by U.S. Public Health Service grants 
Be nd B-1931, and in part by US. 
vir Force contract AF 49 (638)—199 
(Air Force Office of Se ientific Rescarch, 


Vir Research and Development Com- 
mand). 


RECEPTIVE FIELDS OF SINGLE NEUR 


REFERENCES 


Bartow, H. B. (1953). Summation and in- 
hibition in the frog's retina. J. Physiol. 
119, 69-88. i 
Bartow, H. B., FrrzHuen, R., & KUFFLER, 
S. W. (1957). Change of organization in 
ficlds of the cat's retina 


the receptive 
EA Physiol. 137, 


during dark adaptation. 

338-354. 
Davies, P. W. (1956). Chamber for micro- 
electrode studies in the cerebral cortex. 
rience, 194, 179-180. 
Frank, k. & Fuortes, M. G. F. (1955). 
m the spinal cord 
siol. 130, 


> n 
Potentials recorded fro 
with micro-electrodes. J- Phy. 
625-654. 
Inhibition of ac- 


Gatamnos, R. 
verve fibers by 


(1944). 
e auditory ! 
J. Neu yophysiol. 7 


tivity in sing 
acoustic stimulation. 
287-301. 
Martine, H. K. ( 
single optic nerve 
brate eye to illumin 
Amer, J. Physiol. 121, 400-415. 
anni. II. K. (1919). Inhibition of ac 
tivity of visual receptors by illuminating 
in the Limulus eye. 


1938). The response of 
fibers of the verte- 


ation of the retina. 


N retinal areas 
Fed. Proc. 8, 69. 
Huser, D. II. (1957). 
clectrode for recording 

units, Science, 125. 549-550. 


Huser, D, H. (1959). Single 
unrestr 


Tungsten micro- 


from single 


unit activity 
in striate cortex of ained cats. 


J. Physiol. 147, 226-238. 


Huser, D. H. (1960). Single unit 
body and 


us Physiol- 


activity 
in lateral geniculate opuc 
tract of unrestrained cats. 
(In the Press.) 


ONES IN THE CAT'S STRIATE CORTEX 975 


June, R. (1953). Neuronal discharge. Elec- 
troenceph. clin. Neurophysiol. Suppl. 4 
57-71. i 

June, R. (1958). Excitation, inhibition, 
and coordination of cortical neurones. 
Exp. Cell Res. Suppl. 5, 262-271. 

Juxc, R. & BAUMGARTNER, G. (1955). Hem- 
mungsmechanismen und bremsende Sta- 
bilisierung an einzelnen Neuronen des 
optischen Cortex. Pflüg. Arch. ges. Phys- 
iol. 261, 431—156. i 

KurrLER, S. W. (1953). Di 
and functional organization of mam- 
malian retina. J. Neurophysiol. 16, 37- 
68. 

MOUNTCASTLE, V. B. (1957). Modality and 
topographic properties of single neu- 

ts’ somatic sensory cortex. J. 


arge patterns 


rons of ca 
Neurophysiol. 20, 408—134. 

O'Leary, J. L. (1940). A structural anal- 
ysis of the lateral geniculate nucleus of 
the cat. J. comp. Neurol. 73, 405-430. 

J. L. (194). Structure of the 


O'LEARY 
a of the cat. J. comp. Neurol. 


area stri 
75, 131-164. 
sain, K. U. (1937). Visual di 
in the cat: V. The postoper 
of removal of the striate cortex upon 
intensity discrimination. J. genet. Psy- 
51, 329-369. 
“TALBOT, S, A. & MARSHALL, w. H. (1941). 
Physiological studies on neural mecha- 
visual localization and dis- 
Amer. J. Ophthal. 24, 


crimination 
ative effects 


chol. 


nisms of 
crimination. 
1255-1263. 
$. A. & KUFFLER, S. W. (1952). 
" ophthalmoscope for the 
J. opt. Soc. 


TALBOT, 
A multibeam 
study of retini 


Amer. 42, 931-936. 


iL physiology. 


When you move your eyes along the horizon all the objects in 
the field of view are sweeping over your retina. When you fixate your 
eyes and the visual scene in front of you is moving, all objects in the 
field of view are also sweeping over your retina. In the first instance, 
you do not perceive the world as moving, while in the second you do. 
Why? What's the difference? The difference is that when a person directs 
his eyes to move he puts into his brain what is called a motor-corollary 


discharge. It is a piece of information that tells the brain “Get ready: 
Your eyes are about to move and objects will 
your retina. Don’t pay any 
held constant.’ 


appear to be moving across 
attention to them, and consider them to be 


It is this mysterious signal that is responsible for stability 
of much of our visual world. It must 


physically exist somewhere, but to 
date has eluded most experimenters. Consider the problem. It is fascinat- 
ing. 
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CENTRAL NERVOU 
AND THE PERIPHE 


E. von Holst 


T 
d sc of the Central Nervous 
and mi ( INS) to the peripheral senses 
much z ular movement is an old and 
at c rege problem. Here we are 
'üviou 1 of the physiology of be- 
Which n. and in comparison to that 
knowle ^i not known, our present 
Under po 19: MEK meagre and vague! 
edge 5 ese circumstances, our knowl- 
Sid im conceptions are dependent 
be ed method which happens to 
field s ar at the moment. In this 
the iui method which has played 
ficially atest role consists of, first, arti- 
ity een edt the CNS and then, 
ing dae peripheral stimulation, evok- 
basis, oo response. On this 
a relle 16 CNS is often held to be only 
day 5 yet we know to 
order 4 this view 15 one-sided. In 
che ONG be in co-ordinated activity: 
stimula 2 often needs a minimum of 
pulses: ie OF loading by afferent im- 
co-ordi UIS conception of chain-rellex- 
almost nation has been recognised 
Isolat everywhere as being incorrect- 

ated, that is de-afferented, parts of 


We ar 

dy ie grateful to Mrs. Eveline von Holst 

fo 2 he publisher for their kind permission 

Britten ee this selection. Reprinted [rom the 
h Jour em a8 sa oS 

bp. ae of Animal Behavior, 1954, 


S SYSTEM 
RAL ORGANS 


the nervous system show continued 
electrical activity. One can therefore 
say that, as a rule, de-afferented gan- 
glion cells, under otherwise normal 
conditions, possess "automaticity." 
These facts allow us to regard the 
function of the peripheral senses from 
a new viewpoint. The classical reflex- 
concept assumes that the peripheral 
stimulus initiates the central nervous 
activity. Since we now know that this 
supposed cause is often unnecessary, 
it is possible to start from the CNS. 
We can ask the question, what effect 
ed on the sensory-receptors 
impulses which initiate 
ment? Thus, we look 


not from 
the outside inward, but from the 
centre to periphery. You will quickly 
sce that in this manner we shall come 
w problems and experimen- 
tally verifiable hypotheses. 

In order to make myself clear, I 
should like first to explain a few 
The whole of the impulses 
oduced by whatever stim- 
receptors T shall term 
ontradistinction to 
hole of the motor 


is produc 
by the motor 
a muscular move 
from the opposite direction, 


upon ne 


terms. 
which are pr 
uli in whatever 
afferente» and in c 
hall call the w 


this T5 
impulses efference. Efference can only 
esent when ganglion cells are 


be pr 
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active; afference, on the contrary, can 
have two quite different sources: first, 
stimuli produced by muscular activity, 
which I shall call re-afference; second, 
stimuli produced by external factors, 
which I shall call ex-afference. Re- 
afference is the necessary afferent re- 
flexion caused by every motor impulse; 
ex-afference is independent of motor 
impulses. 

Here are some examples: when I 
turn my eyes, the image present on the 
retina moves over the retina. The 
stimuli so produced in the optic nerve 
constitute a re-afference, for this is the 
necessary result of my eye movement. 
If I shake my head, a re-afference 
necessarily is produced by the laby- 
rinth. If, on the other hand, I stand 
on a railway platform looking straight 
at a train when it starts to move, the 
moving image on the retina of my 
unmoving eye produces an ex s 
ence; likewise, when I lie in a tossing 
ship, the impulses of my labyrinth will 
constitute an ex-afference. If I shake 
the branch of a tree, various receptors 
of my skin and joints produce a re- 
afference, but if I place my hand on 
a branch shaken by the 
stimuli of the same receptors produce 
an ex-afference. We can see that this 
distinction has nothing to do with the 
difference between the so ¢ 
prio- and €xtero-receptors, 
receptor can serve both 
the ex-afference. The C 
ever, possess the ability to distinguish 
one from the other. This distinction 
is indispensable for every organism, 
since it must correctly perceive its 
environment at rest and in movement, 
and stimuli resulting from 
movements must not 
as movements of 
want to describe 
show how the 
tween ex- 


ler- 


wind, the 


alled pro- 
The same 
the re- and 
SNS must, how. 


its own 
be interpreted 
the environment, | 
experiments which 
CNS distinguishes be 
afference and re-afference 
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When one rotates a striped cylinder 
around a quietly sitting insect, for in- 
stance the fly Eristalis, the animal 
turns itself in the same sense (Fig. la). 


A 
Insect (Eristalsis) in striped cylinder (SW), L. 


R-left, right eyes; a-head in normal, b=in turned 
position. 

Figure 1 
alis) in striped cylinder (SW), 
left, right eyes head in 


normal, b = turned position. 


A = 


This is a well-known optomotor-"re- 
flex.” As soon as the animal moves it- 
self, for instance, "spontaneously" (or 
sumulated by a smell), one observes 
that it turns itself unhindered by the 
Stripes of the stationary cylinder. We 
must ask ourselves why the animal at 
every turn is not turned back by his 
Optomotor "reflex," since the move 
ment of the image on the retina is the 
Same as in the first case, when the cylin- 
der moved and the animal was station- 
ary. A possible answer according to 
the reflex-theory is that in Jocomotion 
the oPtomotor-“reflex” is inhibited or 
blocked." But we shall see that this 
answer is incorrect, It is possible, as 
has been shown by my colleague Mit- 
telstaedt, to turn the head of the in- 
Sect through 180° about the long axis 
(Fig. 1b A-A); then the head is fixed 
to the thorax, so that the two eyes are 
effectively interchanged and the order 


RELATIONS BETWEEN THE CENTRAL 
0 2 
1 elements is reversed. The 
the 5 now responds, when 
ka IUE turns to the right, by 
„5 to the left, as is to be 
Of the eve "e the reversed. position 
in spontane it is indeed the case that 
loranto nie (or otherwise caused) 
"Blocked 2 ve optomotor- reflex" 18 
unhindere i the animal should move 
But E 8 5 in che stationary cylinder. 
inset 1 is the e; once the 
to right TR to move, it spins rapidly 
is Siu 1 5 in small circles until it 
Same bees We have observed the 
eyes have es 8 with fishes, whose 
Optic axi een turned 180° about the 
CU MR But we have found this 
Senne only in patterned optical 
ous ah Pi optically, homogene- 
Yom. Gee the animal moves 
nei : This indicates that the op- 
-"reflex" is not “blocked” in 


oco " 
8 MO but on the contrary, the 
S0 ing | 
iated re-afference plays au im- 
that role 


rte 
oe Exactly what 
exam his made clearer by the next 
ple. 
PE Hodge sii is turned auem 
Down e external forces. the ye ; 
Y the 3 nung reflexes oan an 
ut E of the labyrint’ 
„just as in my first example, every 


animal į dd 
Who. is able to take up any position 

1 MS ‘ 
out righting reflexes being pro- 
ifference of the laby- 


9 0 by the r 
he ae it has been 0 
Position cha 1 “blocked 
Show ioi langing; and, again, 
The a this is not the case. 
nown righting reflexes, as vell- 
in the Ps released by the statoliths 
head js abyrinths, which, when the 
force is tilted, produce @ shearing 
as W underlying sensory organ. 
increas Ne found in fishes. One eer 
the wa this mechanical force: Which 
Bans, oe exert on the sense or- 
s, through the addition of a con- 


believed that 
during 
we can 


is well- 
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stant centrifugal force. We have built 
for this purpose a small revolving 
laboratory, capable of more than 
doubling the gravitational force. In 
this manner the statolith is made 
heavier, and the corresponding shear- 
ing stimuli produced by every tilting 
head are quantitatively in- 
creased. If one records the tilting of 
free swimming fish under these con- 
ditions, one finds that the degree of 
tilting becomes proportionally less, 
the heavier the statoliths are made. 
(For the method of measurement see 
v. Holst u. Mittelstaedt, 1950). If the 
statoliths are removed, then the be- 
haviour of the fish is the same under 
normal and centrifugal conditions. 
We see, therefore, that the re-afference 
of the labyrinth is not “blocked”, but 
has a quantitative effect upon the de- 
gree of tilting, and, indeed, the greater 
the re-afference, the smaller the de- 
the movement. One can say 
“measures” the degree 
the magnitude of the 


of the 


gree of 
that the CNS 
of movement by 
re-afference thereby released. 

Thus we have learned two facts: if 
the form of the re-aflerence is re- 
versed, as in the first example, then 
the initiated movement is increased 
ely. Secondly, if the re-affer- 
ts normal form but is in- 
cond example, the 


prog ressiv 
ence keeps ! 


creased, as in the se 
initiated movement is correspond- 
ased. These facts allow us 


ingly decre 
to formulate 
nism here 


a hypothesis about the 
involved. We shall 
hat the efference leaves an 
itself. somewhere in the 
afference of this 
as the negative 


mecha 
propose t 
"image" of 
CNS, to which the re- 
movement com pares 

ofa photograph compares to its print; 
so that, when superimposed, the 
image disappears. Figure 2 illustrates 
this in a number of subsequent steps. 
A motor impulse, à 


"command" C 
(Fig. 2a), from a higher centre HC 
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Illustration of the re-afference principle 


Illustration of the re-afference principle; 


causes a specific activation in a lower 
centre LC (Fig. 2b), which is the 
stimulus-situation giving rise to a 
specific efference E (Fig. 2c) to the 
effector EF (i.e. a muscle, a joint, or 
the whole organism). This central 
stimulus-situation, the “image” of the 
efference, may be called “efference 
copy,” EC. The effector, activated by 
the efference, produces a re-afference 
R, which returns to the lower centre, 
nullifying the efference copy by super- 
position (Fig. 2d-f). Because of the 
complementary action of these two 
components we can arbitr 
nate the whole efferent Part of this 
process as plus (+, dark coloured) and 
the afferent part as minus (—, white 
coloured). When the efference copy 
and the re-afference exactly compen- 
sate one another, nothing further hap- 
pens. When, however, the afference is 
too small or lacking, then a + differ- 
ence will remain or when the re-effer- 
ence is too great, a — difference will 
remain. This difference will 

definite effects, according to the 
ticular organisation of the sys 
The difference can either influ 
the movement itself, or for inst 


arily desig. 


have 
par- 
tem. 
ence 
ance, 


Figure 2 


See explanation in text. 


ascend to a higher centre and produce 
à perception. 

Let us first consider the simple 
situation of Fig. 2. The initiated 
movement will continue, until the re- 
afference exactly nullifies the efference 
copy. Then we must predict the fol- 
lowing: first, if through external influ- 
ence the re-afference is increased, then 
the initiated movement will end pre- 
maturely. We have already seen that 
this is the case in the fish labyrinth 
experiment with the centrifuge. Sec- 
ondly (Fig. Za), if the re-afference is 
inverted, that is changed from — to +, 
there will be no nullification, but 
summation (Fig. 3b) and the move- 
ment will progressively increase, 23 
we have already seen in the experi- 
ment with the inverted eyes.* Thirdly 
(Fig. 4), in the case where the re-affer- 
ence is lacking (for instance, due to 
the destruction of the afferent path- 
ways) the initiated movement will not 
be increased, as in the second case, 
but will continue until something else 
limits it. This behaviour occurs widely 
and can be seen particularly well in 


* This is the so called “positive feed-back.” 


EF 
a b 
Illustration of the experiment with the eyes in 


turned position 


Figure 3 
Illustration of the experiment with the 
eyes in turned position (Figure 1); see ex- 


planation in text. 


lllustration of the experiment with interrupted 


Figure 4 
Illustration of the experiment with in- 
terrupted afference; see explanation in 


text. 


ths in optically ho- 
Every turn- 
g or somer- 


fish without labyrin 
Mogeneous surroundings. 
ing or tilt leads to circlin| 
Saulting. Also, in the human disease 


abes dorsalis, where the dorsal roots 
are destroyed, the well known exag- 
Berated, ataxic movements of the 
limbs indicate that the same mech- 
anism is involved. Therefore, con- 
trary to the chain-reflex theory, the 
Stimulus, originating with every move- 
ment, that is the re-afference, produces 
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not an augmenting, excitatory, but a 
limiting, effect on the movement. Only 
those torms of locomotion, such as the 
swimming of fish, which do not re- 
quire a constant adjustment to the 
surrounding medium, proceed just as 
before after de-afferentation. These 
movements are automatically co-ordi- 
nated in the CNS and therefore re- 
quire no limiting re-afference (v. 
Holst, Lissmann). 

With this simple scheme we are able 
to understand a number of previously 
unexplained types of behaviour. The 
most hypothetical part of this theory 
is the postulated efference copy: this 
"image" in the CNS, produced by the 
"command" and matched by the re- 
afference. I am going to present direct 
he existence of this phe- 
nomenon. For this purpose 1 choose 
two human examples, in which the 
difference between the efference copy 
and re-afference is transmitted to a 
higher centre and produces a percep- 
tion. My first example is concerned 
with the already mentioned human 


proof of t 


eye movement. 

A reafference from the actively 
eye can have two sources: 
ement of the image across 
the retina and secondly, impulses 
from the sensory cells of the eye 
muscles. The former results in a con- 
scious perception; the latter is of no 
importance for the following consider- 
ation. Consider my eye mechanically 
fixed and the muscle receptors narco- 
tised (Fig- 5a). When I want to turn 
my eye to the right, an efference E 
and, according to the theory, an effer- 
ence-copy EC is produced, but the 
immovable eye does not produce any 
re-afference. The efference-copy will 
not be nullified, but transmitted to 
higher centres and could produce a 
perception. It is possible to predict the 
exact form of this perception (v. 


moving 
firstly, mov 
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afference 3 
"Object “Object 
jumps to “look at ie 
right“ — right!“ 
LC + Y 
f EC x 
(p ee 
eo} X / 
Y 
toe Eve 
turned 
9 mechanically 
Object seen 
. 
a b 8 
Illustration of the experiments with human eye 


Illustration of the experiments with human eye 


letters compare the text of Figure 2), 


Holst und Mittelstaedt, 1950). The 
perception, if I want to turn my eye 
to the right, must be that the sure 
roundings have jumped to the right. 
This is indeed the case! It has been 
known for many years from people 
with paralysed eye muscles and it has 
been established exactly from the ex. 
periments of Kornmuller on himself 
that every intended but unfulfilled 


eye movement results in the percep- 


tion of a quantitative movement of 
the surroundings in the same direc- 
tion. Since here nothing happens on 
the afferent. pathways, this false per- 
ception can only result from the ac- 
tivity, originated by the intention of 
the eye movement, being returned to 
higher centres, This is another way 
of saying that the unmatched effer- 
ence-copy causes the perception. 
Now, we make a simple experiment 
and turn the paralysed eye mechani- 
cally to the right (Fig. 5b). In this 
case both the motor intention 
also the efference-copy 
but the image moves 


and 
are lacking, 
across the retina 


Figure 5 
explanation in text (for the 


and afference A is transmitted, un- 
matched by an efference-copy, 
higher centres and produces, as 5 
known, the perception that “the ELM 
roundings move to the left." This 05 
also a false perception, If now we 
combine the first case with the second, 
that is, if my eye is moved mechant- 
cally at the same time I intend es 
movement—which is the same as DU 
untarily moving a normal eye—then m 
fact these two complementary eflec in 
just mentioned are produced: firstly, 
the perception of the returning "com- 
mand” causing a jump of the SA 
roundings to the right and, secondly, 
an image-motion on the retina pro- 
ducing a jump of the surroundings in 
the opposite direction. These 
phenomena, the efference-copy and 
the re-efference, now compensate each 
other (Fig. 5c; and as a result no 
moving of the surroundings is per- 
ceived. The surroundings appear 
stationary during this normal eye 
movement, and this perception is 
bhysically correct. As we have already 


two 


RELATIONS BETWEEN THE CENTRAL 
seen, the correct perception results 
from two opposite and false percep- 
tions which cancel each other. Thus, 
we understand a phenomenon with 
which Psychology has been concerned 
for many years, that is, the perception 
as nearly station- 
(Raum 


of the surroundings 
ary during eye movements 
konstanz"). 

Now we come to the second ex- 
ample, visual accommodation. The eye 
is focussed for distant vision when at 
rest, since the elastic lens is flattened 
by its zonal fibres. For near-accommo- 
dation a circular muscle, working 
against these fibres, allows the lens to 
round up. We should also like to 
apply our theory to this system. If the 
accommodation apparatus is narco- 
Used (for instance by atropine), that 
is, the eye is permanently accommo- 
dated for distant vision, then an in- 
tention for nearaccommodation will 
start a motor-impulse, which cannot 
be nullified by any re-afference and, 
therefore, must return to a higher 
centre, where it can produce a per- 
ception. This is indeed the case, AM 
Objects in the visual field become 
small, and this false perception is 
called "micropsia." The same phe- 
nomenon must exist with a normal 
eye, if we imprint an after-image ol 
a distant cross on the ret 
look upon a near surface. Si 
after-image remains the same size! 


sharpness on the retina, it must ap- 
ar surface, 


ina : 


pear very small on the ne ] 
because again only the “command 
for accommodation returns to the 


centre of perception. This is also the 
case, as one can easily convince one 
self. These false perceptions appear. 
although the peripheral stimulus stile 
ation is unaltered. If, on the contrary 
the accommodation ofa normal eye 15 
unaltered, that is, if we look first at 2 
small and then at a large cross at the 
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same distance, then naturally the 
changed afference will be transmitted 
to the centre of perception and we see 
the second cross to be larger. Now we 
combine this last case with the first, 
that is, we observe with a normal eye 
a cross, moving from a distant point 
nearer to the eye. This initiates the ac- 
commodation-impulse, which return- 
ing, tells us “the cross is becoming 
smaller"; but at the same time the 
enlargement of the retinal image 
states, "the cross is becoming larger." 
The two cancel one another out, with 
the result that we perceive the cross 
to be of constant size. Again, the cor- 
rect perception is the result of two op- 
ise perceptions; and, further, 
an understanding of a 
long discussed in Psy- 
chology, the „Grossen Konstanz der 
Sch-Dinge" (Hering), which means 
that we see the objects to. be nearly 
ame size irrespective of their dis- 


posite fa 
we come to 
phenomenon, 


the s: 
tance from US. 
could present still further ex- 


amples from man and from lower and 
higher animals which would show 
what role the re-afference plays in 
general in behaviour. It serves either 
to limit the magnitude of movement 
or to insure the constancy of the 
perceived surroundings during move- 
ment, and so makes possible the dis- 
tinction between real and apparent 
motion of objects. The first step in 
both of these functional mechanisms 
is the comparison of the re-afference 
with the efference-copy. 

In conclusion, permit me à few gen- 
eral considerations. ] have attempted 
to show through the example of this 
nervous mechanism, that it is 
he field of the Physiology 

avoid formulating 
are only generalised 
rather 


central 
possible int 
of Behaviour to 
"theories." which 
descriptions of observations: 
should we follow the example of the 
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theory 
i ely, that a 
sciences, nam 1 Y 
mcd exactly predict what will ba — 
aan litions, so tha 
defined conc ns, i v 
peng experiment verify or oe 
it. Thus one avoids the error id ^ 
a i hich often occ 
i hich o 1 
ralisation, w ; : n 
3 nervous physiology. For 
c a 


Se 


only 
nervous mech- 


large number 
h other modes 


is 


call them “re. 
denotes frag- 
mechanisms, 
tral Nervous 
“hierarchical System" of 
such different functional Parts, a con. 
cept which you find 
gen's book “The 

One final point. I have sp 
neither electrica] Spikes, 


ings are 


2 : indeed of 
Interest, 


secondary The functional 


i to il- 
schemata, o ae 
lustrate definite i. . 
are quite abstract, dict are concrete 
sequences they pre ifiab] The 
and experimentally verifiable. 
physiologist who fully understands 
such a causal system is still unable to 
deduce where the cell elements which 
perform this function are located, or 
how they Operate. Such questions are 
dealt with at another level of investi- 
gation, where the electrophysiologist 
works and develops his own termi- 
nology. It is useful and justifiable for 
every level of investigation to have its 
own language, but we must expect 
that, with a greater advancement of 
our knowledge, it will be easy to trans- 
late one such language into another. 
Until such a time, each field must de- 
velop along its own lines, unhindered 
by the Many possibilities for misinter- 
pretation 
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The studies are important primarily 
asa beginning step toward filling the 
large gap which has existed between 
neurophysiological techniques and an 
understanding of complex psychologi- 
cal processes. Among other things, 
they carry the enterprise of brain 
mapping into the realm of clearly de- 
fined motivational functions; this by 
itself correlates an orderly array of 

hological mechanisms 


integrative psyc 
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exact sciences, namely, that a theory 
must exactly predict what will happen 
under defined conditions, so that one 
can by experiment verify or disprove 
it. Thus one avoids the error of false 
generalisation, which often occurs in 
central nervous physiology. For this 
reason I would like to emphasize that 
the principle of re-afference is only 
one of many central nervous mech- 
anisms. There exists a large number 
of other mechanisms with other modes 
of function, and of these we know as 
yet very little. We recognise fragments 
of some of them and call them “re. 
flexes"; but this term denotes frag- 
ments of very different mechanisms. 
I believe the whole Central Nervous 
system is a "hierarchical system" of 
such different functional parts, a con- 
cept which you find also in Tinber- 
gen's book “The Study of Instinct." 
One final point. I have spoken of 
neither electrical Spikes, nor nerve 
pathways, nor anatomical centres, in 
which particular functions might be 
localised. In the realm of behavioural 
analysis these things are indeed of 
secondary interest. The functional 
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schemata, constructed in order to il- 
lustrate definite causal relationships, 
are quite abstract, although the con- 
Sequences they predict are concrete 
and experimentally verifiable. The 
physiologist. who fully understands 
such a causal system is still unable to 
deduce where the cel] elements which 
perform this function are located, or 
how they operate. Such questions are 
dealt with at another level of investi- 


gation, where the electrophysiologist 
works and develops his own termi- 
nology. 


It is useful and justifiable for 
every level of investigation to have its 
own language, but we must expect 
that, with a greater advancement of 
our knowledge, it will be easy to trans- 
late one such language into another. 
Until such a time, each field must de- 
velop along its own lines, unhindered 


by the many possibilities for misinter- 
pretation, 
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important primarily 
as a beginning step toward filling the 
large gap which has existed between 
neurophysiological techniques and an 
understanding of complex psychologi- 
cal processes. Among other things, 
they carry the enterprise of brain 
mapping into the realm of clearly de- 
fined motivational functions; this by 
itself correlates an orderly array of 
integrative psychological mechanisms 
with an orderly array of anatomical 


The studies are 
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points in the brain. Furthermore, 
these studies perform a unification 
long considered technically impossible 
between electrophysiological, inde- 
pendent variables and standard, be- 
havioral, «dependent variables to 
produce smooth interaction curves 
relating the two. ; 

For psychologists, these experiments 
help to clarify the basic notions of re- 
ward and punishment. Reward and 
punishment, it is agreed, determine 
which behaviors will predominate in 
an organism's repertory and which 
will be erased from it. Rewarded re- 
sponses are repeated more frequently 
than would be expected by chance; 
punished ones are repeated with 
frequency. This is obvious. 

Less self-evident is the thesis of the 
classical theory of reward, according 
to which reward is interpreted. as be- 
ing the falling phase of the same mas- 
sive stimulation which at high levels 
constitutes punishment. This th 
greatly weakened by the 
lined in this article; 
held sway for such a long time in psy- 
chology and conditions so many basic 
attitudes that it will certainly form a 
foundation stone for the new theories 
which replace it. 

Drive and punishment are sy 
mous, according to this theory, and a 
reward is held to be fundamentally 
nothing more than the reduction ofa 
drive. Physiological conditions which 
are inimical to survival, such as food 
deficiencies or tissue damage, cause 
massive receptor discharge into the 
central nervous system. This discharge 
is held to be the drive, and it is held 
to be reflected in behavioral activa- 
tion. The latter is a nonselective func 
tion of the massive drive stimulation, 

energizing adaptive and maladaptive 
responses equally. The drive stimu- 
lation, however, also has a selective 


less 


esis is 
work out- 
however, it has 


nony- 
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function by which it combines with 
other cue stimuli to select those re- 
sponses which have repaired this par- 
ticular physiological deficit in the past. 

The response actually selected by 
the combination of 
stimuli is 
structural 


drive and cue 
determined entirely by 
cue-response connections 
whose strength has been determined 
by prior learning. More specifically, a 
group of cues actually selects the re- 
sponse which was previously followed 
by drive reduction in their presence. 
The drive reduction, on previous oc- 
casions, caused a rewarding or positive 
reinforcing effect which somehow in- 
creased the causal connection between 
these stimuli and this particular re- 
sponse. 

The hedonistic view that behavior 
is pulled forward by pleasure as well 
as pushed forward by pain is rejected 
in this classical theory for the more 
parsimonious notion that pain sup- 
plies the push and that learning based 
on pain reduction supplies the direc- 
tion. 

The work reported in this article 
clearly shows one implication of the 


drive-reduction theory 


to be incorrect, 
for 


massive inputs to certain. parts of 
the central nervous syste 
to have rew 
showing 


m are shown 
arding effects. Further, by 
that there are anatomically 
separate mechanisms for reward and 
punishment in the brain, it points 
directly to a Physiological basis for 
the motivational dualism suggested in 
the hedonistic theory, 

In fact, it appears that the area pro- 
ducing rewarding effects, upon electric 
stimulation, is far larger than the area 
producing Punishment. In one early 
experiment, 76 electrodes were im- 
planted in the brains of r 
attempt to get a random sampling of 
midbrain and forebrain points. It was 
found that stimulation at 47 of these 


ats in an 


points had motivational effects. Stim- 
ulation at 36 of these motivational 
7 77 N approach behavior 
1 stimulated themselves 
a: a y by means of the technique 
5 below; at only 1l points 
ba stimulation produce avoidance 
ehavior (2). 


Basic Studies 


METHOD 


is 8 of self-stimulation G) 
Impi: c eleg in part after the chronic 

antation technique of W. R. Hess 
(4) and in part after the box technique 
of B. F. Skinner G). The former de- 
veloped a technique for implanting 
electrodes permanently in the brain; 
the technique allows stimulation in 
the freely behaving animal. The latter 
worked out a way to measure positive 
reinforcement—that is, reward—by ar 
ranging a situation in which the ex- 
perimental animal could deliver the 
reward to itself by a very simple ma- 
nipulation, and then counting the 
frequency of the manipulations. Self 


stimulation combines these techniques 
animals to deliver shocks 
their brains 
planted elec- 


by allowing 
to specific points in 
through chronically im 
trodes. 

Figure 1 shows the method used. 
When the rat stepped on ? pedal, à 
shock was delivered to its brain. The 
rat never received any other reward 
for pressing the pedal, and the shock 
was never turned on except when the 
rat turned it on itself by stepping on 
the pedal. 

In this box, 
stepped on the pedal 
during the first hour 
was no rewarding elect! 
tion at all), because the P 
placed that it would. be presse 


invariably 
95 times 


about 
(although there 


ical stimula- 
edal was 0 
d when 


animals 
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Figure 1 
Diagram of apparatus by means of which 
livers electric shocks to its own 
brain. When the rat steps on the pedal, 
circuit is closed and current 
s brain by means of 


a rat de 


the electric 
is transmitted to it 
implanted electrodes. 


animal looked out the only open- 
in the box. After the first hour 
there were about five responses or less 
per hour during hours in which no 
reward was produced. Jf the pedal- 
produced a reward, the rate, 
he first hour, rose to 200 or 
hour; thus, re- 
discernible. lf the 
duced punishment, 
adically; there were 
two or three: Tesponsts during 
total experimental procedure; 
“punishment” was clearly dis- 


the 
ing 


pressing 
even for t 
more responses an 
ward" was clearly 
pedal-pressing pro 
the rate dropped ri 
only 
the 

thus, 
cernible. 


If the electrode was placed in the 


brain at a point at which maximum 
sell-stimulation is produced, the rat 


after its very first electric stimulation 
, 
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began to search and pursue eagerly. 
Its response to the first shock was to 
sniff in all corners of the box and 
manipulate quickly the objects in its 
path until it stepped on the pedal a 
second time. After the rat had pressed 
the pedal a second or third time, it 
ceased to wander and began to re- 
spond at the rate of one or two pedal- 
presses per second. These animals 
learned to press the pedal within a 
minute or two. 

Figure 2 shows, in Schematic form, 


—1 a 


: Figure 2 
Diagram of plastic electrode Carrier, con. 


taining a pair of silver electrodes, which 
is screwed to skull of rat, with wires pene- 


trating deep into the brain, as shown in 
Figure 3. 


the plastic electrode 
screwed to the skull and a 
silver-wire electrodes i 
brain through a hole in t 
insulated wires, which we 


M 1 an 
in Fig. 3 (bottom) che 
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Figure 3 
electrode 
aft) in place in the brain of a 


(Top) X-ray 
(deepest sh 
Tat. The four shorter 
which hold the 
the skull, (Bottom 


Stained brain slice 
at the 


Photograph of an 


shafts are screws 
electrode carrier to 
) Photomicrograph of 
from a rat sacrificed 
8 5 of experiments. The 
Up of the electrode track appears as dark- 
ened area, Wires are insulated along 


their whole length and stimulate the brain 
only at the tip. 


end of a serie: 


Up of the electrode track appears as 


a blackened area on the photomicro- 
graph of a stained brain slice. In these 
Experiments each brain was sectioned 
and stained after testing; all state- 
ments about localization are based on 
x] M of this histological mate- 
lal. 


The stimulus was a sine-wave shock 


a : 

1 1 1 per second; the current 
sie RN ys 5 to 100 microamperes; 
3 pacer bi received a shock lasting for 
ünfmal 9 5 of 0.5 second. If the 
idis n : d the pedal down for less 
when * lese the current went off 
thie neda) T the. pedal. If it held 
xd ^ down for longer than 0.5 
takeli he current went off auto- 
the 1 aii the rat had to release 
i Roe and press it again to produce 

shock. 


Locus 


1 2 8 stimulation in most parts 
Parts of inal e n and in many 
Structures re hypothalamus and related 
Produce s (see cross-hatching, Fig. 4), 
i the approach response (2). 

ation in small areas 1n the mid- 
rtain adjacent parts of 


braj 
ain ; ; 

n and in ce 
alamus (see 


t 
fo ag and hypoth 
ance m i Fig. 4) produced, the avoid- 
havior “ponse Such avoidance be- 
cat, by Te first demonstrated in the 
(6). In d elgado, Roberts, and Miller 
ulatior re rat, the area in which stim- 
Was ied produced avoidance behavior 
Which cde compared with the area in 
TI it produced approach behavior. 
to ka rate of self-stimulation tended 
minish steadily as the site o 


Sti E 

ce was moved toward the 

ex. Rates as high as 7000 per hour 
ic stimula 


Were achi 

Ban achieved when electr! 
bus was applied in the region of the 
erpeduncular nucleus of the tes 


Wee amor eee ju r 
i 1 body, ver) “Ve 
1 he range of 5000 per 
188 frequently. V electrodes 
5 in the anterior 
0155 ranged from 400 to 
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ward, in the preoptic anc 
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Fi 
Medial and lateral sagittal usn da 
rat brain showing, by cross-hatching, the 
areas where electric stimulation causes ap- 
ach behavior and, by stippling, the 
lectric stimulation causes 
avoidance. anterior thalamus; 4M 
amygdala; C, caudate nucleus; CB, gere 
bellum; CC, corpus callosum; C CORT 
cingulate cortex; FX, fornix; HPC, hippo: 
campus; HTH, hypothalamus; MB, mam- 
millary bodies; MT, mammillothalamic 
tract; PREPYR, prepyriform cortex; S, 
septal area; TEG, tegmentum; TH, thal- 


proa 


areas where € 


amus. 
cephalic areas, there was a second 
series of rates, ranging from quite 


(about 3000 per hour) for 
rea to very low ones 
(about 200 per hour) for the anterior 
forebrain. The high rates obtained in 
the forebrain series were lower than 
the high ones of the hypothalamic 


series. 

Thus, there 
mus, a decline o 
electrode was mov 
a similar tre 
egion, anc 


high ones 
the preoptic a 


was, for the hypothala- 
f response rates as the 
ed forward. There 
nd for the telen- 


was 
1 the rates for the 


cephalic r 
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whole of the telencephalic region 
seemed to be lower than those for the 
whole of the hypothalamic region. 


ELECTRIC CURRENT 


Studies in which the level of electric 
current was varied (see Fig. 5) provide 
some basis for explaining these differ- 
ences in rate of self-stimulation. The 
level of the shock was raised from 0 to 
150 microamperes by steps of 10. Self- 
stimulation rates started at chance 
levels of about 4 to 40 responses per 
hour and remained at these chance 
levels at 0, and sometimes at 10, 
microamperes. Then, usually at 20 or 
30 microamperes, but sometimes at 10 
microamperes or less, a threshold was 


1500 
750 


Electric-current functions. The hourly self-stimul 
ordinate) tends to rise as current (on the absc issa) incre 
amperes in steps of 10. In the middle hypothal 
porary decline when the electric field invades 
has a negative motivational effect. In the 
rise to 500 responses an hour and then no further incre 
very small field in which positive motivational effects 


by a large neutral area 


BIOLOGICAL DETERMINANTS OF BEHAVIOR 


crossed and self-stimulation rates rose 
rapidly. As the current was raised 
further, the response rate showed a 
steady increase, undulated, or showed 
no further increase. 

We assume that the cells and fibers 
excited by the electric stimulus obey 
the all-or-none principle and have 
relatively similar thresholds. If this is 
true, each increase in current brings 
cells at a greater radius from the tip 
of the electrode to threshold. 

Thus, the steep asymptotic curves at 
the top of Fig. 5 indicate that stimu- 
lation of several rings of cells around 
the electrode 


tip induced the rat 
to stimulate itself with progressively 
greater frequency. The undulating 


curves obtained by stimulation in the 


STEEP ASYMPTOTIC CURVES 


POSTERIOR 
HPTH 


ANTERIOR 
FOREBRAIN 


UNDULATING CURVES IN MIDDLE HPTH 


SQUARE CURVES IN MIDOLE FOREBRAIN 
LE FOREBRAIN L 


Figure 5 
(plotted along the 


ases from 0 to 160 micro- 
amus the 


an are; 


ation rate 


curve shows a tem- 


; à where electric stimulation 
middle forebrain there is an abrupt 


‘ase, because there is a 


are obtained, surrounded 


that 


middle hypothalamus suggest 
de- 


sumen of some rings of cells 
eie the rate of self-stimulation: 
inm adus evidence it is known (2) 
ie dies ed or “punishing” areas 
i ate into the "reward" system in 
= part of the middle hypothalamus 

om which these curves were ob- 
tained. The "square" curves obtained 
for the dorsal septal 
only one ring of cells 


area show that 
around the 
motivational 


s tip had any 

function; the rest were neutral. Such 

square” functions have always re- 
vere im- 


sulted when the electrodes v 
planted in or near the diagonal band 
of Broca; the threshold increased as 
the distance of the electrode from the 
diagonal band increased. These data 
on electric current level permit an im- 
Portant inference to be drawn: the 
asymptotic self-stimulation rate of an 
E probably depends on the number 

concentric rings of “reward” cells 
surrounding the tip of the electrode. 
ee square curves indicate several 
x important points. Since the full 
rate occurred at 10 microam peres. 
when the electrodes were in the di- 
agonal band, it appears that cells out 


side the diagonal band are neutral 
thus, the only 


The 


ms site in the septal 
fact that current UE micro- 
amperes does not slow the rate of self- 
stumulation indicates that the reward 
Units of the diagonal band are affected 
equally by any current from 10 micro- 
amperes (threshold) to 150 microam- 
Þeres (15 times threshold). Since this 
function was produced repeatedly by 
the same rat every day for 8 months, 
it may be assumed that the current of 
15 times threshold did no damage 10 
the nearby cells which produce self- 
stimulation. 

Finally, because elect 
placed at varying distances 


rodes may be 
from the 
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diagonal band, it is possible to define 
the shape and size of the suprathresh 
old electric field produced by serie 
levels of electric current. 


SUMMARY 


f (i) The areas in which the stimula- 
he e penn 
e à v a larger proportion 
of the brain than do the areas in 
the avoidance or punishing 
is produced. Therefore, the 
nnot be thought of as tending 
to produce behaviors which 
excitation, for a large 
behaviors which in- 
(ii) There is some 
ingement of the re- 
warding effect in the rhinencephalon 
and related structures, with the result 
that response rates tend to decline as 
stimulation is moved forward toward 
the cortex; this is true both within 
structures and from structure to struc- 
ture. (iii) Finally, by gauging the 
way in which rates of self-stimulation 
increase as the strength of the brain- 
shock increases, it is possible to esti- 
mate the size of the sphere, surround- 
point of stimulation, in which 
electric stimulation is rewarding. 
When the size of this sphere is large, 
1 the ventral posterior hypothala- 
the rate of self-stimulation at 
evels is very high. When 
narrow ring, as in the 
the rate, even at 


which 
effect 
brain cà 
mainly 
decrease its own 
portion causes 
crease excitation. 
sort of orderly arr: 


ing a 


as il 
mus, 
high current 1 
there is only a 
dorsal septal area, 
high current levels, is low. 


Analytic Studies 
Further studies indicate that the 
al brain-shock reward has the 
a strong primary reward ob- 
ject in several different experimental 
These studies suggest alse 
- brain shock excites 
normally involved in 


electric 
effect of 


situations. 
that the electric 
cells which are 
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the mediation of the effects of conven- 
tional primary reinforcers such as food 
and sex objects. 


Maze RUNNING 


At first it seemed possible that the 
animal did not really seek the electric 
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stimulus but pressed the pedal only 
as a result of some sort of compulsion 
in a small, confined box. Maze studies 
(7), however, indicated that animals 
show day-to-day learning of a complex 
problem in order to get the electric 
reward (see Fig. 6). Test 


animals cer- 


80 
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$ (8 rats) 
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Maze experiment. At the upper left is a maze The animal epee € 
position S, through the maze, to the iti Ghi tom the afart 


on it, and stimul i 


the first run the first day. They 
day, 30 seconds on the first ru 
day. This indicates that an 
the day, having had no pret. 


n the third day, 
animal runs directly i 
aste of the electric sti 


it finds a pedal, steps 
pedal is swung back, 
the maze again. The 


as the reward (broken 
> Shock as the Teward (solid line). 
TCWard group ran as fast as the 
test, and learned almost as fast, The 


s of the four da 


stimulation, the 
as the 


tainly ran as fast as, if not faster than, 
others running for a food reward. In 
the case of a runway instead of a maze 
(7), animals ran much faster for the 
electric stimulus than for food. 


OnsrnucrioN Box 


The next two studies were con- 
cerned with the strength and duration 
of the drive for self-stimulation. To 
Study the strength of the drive, the 
obstruction box shown schematically 
in Fig. 7 was used. In this study (8) 


Figure 7 
animal receives clec- 
stimulations on one side, then must 
ore. The animals 
for the sake of 
when 


Obstruction box. An 


tric 


cross the grid to get m 
withstood more foot-shock 
electrical reward than they did 
they were 24-hours-hungry and were run- 
ning for food. 

the rat was permitted to stimulate it- 
self three times at one lever. Then it 
had to cross a grid, which delivered 
an increasingly painful foot shock, to 
Stimulate itself three more times at 
the opposite lever. It went back and 
forth until the foot shock became so 
great that it stopped the rat from cross 
ing. Healthy, well-fed rats running 
for a brain-shock reward endured far 
More painful shock to the feet than 
did 24-hour-hungry rats running for 
food. The drive for self-stimulation 
appeared to be (in some cases) at least 
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twice as strong as a 24-hour hunger 
drive. 


SATIATION? 


As for the endurance of the drive 
for self-stimulation, two questions 
may be asked: (i) How many days did 
the drive last if rats were allowed to 
stimulate themselves for an hour per 
day? (ii) How many minutes or hours 
did the drive last if rats were allowed 
to stimulate themselves continuously? 

When animals were run for periods 
of an hour a day, they usually main- 
tained the same rate of self-stimulation 
throughout the hour and for as many 
days or months as they were tested. 
Such stable rates (shown in Figs. 8 and 
9) were obtained when high supra- 
threshold electric current (60 to 100 
microamperes) was used. 

If animals with electrodes implanted 
in the hypothalamus were run for 24 
hours or 48 hours consecutively, they 
continued to respond as long as physi- 
ological endurance permitted. Rats 
with electrodes implanted in the telen- 
cephalon, on the other hand, seemed 
to slow down considerably when they 
were shifted from a l- to a 24-hour 
self-stimulation schedule. Figure 10 
shows the following pattern: à rate of 
2000 self-stimulations per hour main- 
tained for 24 consecutive hours, then 
sleep, and then further response at a 
rate of 2000 self-stimulations per hour; 
this is typical when electrodes are im- 
planted in the hypothalamus. Figure 
11 shows rates of self-stimulation for 


a series of animals on such a regime. 
All curves obtained from animals with 
electrodes in the telencephalon have 
early, sharp inflection points. An ani- 
vith an electrode in the telen- 
cephalic septal area, which responded 
1000 times per hour if it was permitted 
to stimulate itself for only one hour 


mal v 
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FIFTEEN DAYS OF RESPONDING 
POSTERIOR HYPOTHALAMIC ELECTRODE #315 


MS ee ^D 
AA e e 
e M = 


Response rates in m 
Square indicates 
from the 


aze studie 
a l-hour t 
bottom to the tc 
thus, each peak represents 
the rising edge of each 
ten peaks in each d. 
about 5000 respons: 
posterior hypothalamus, The same 
it is also maintained on all 
several months in 


5 of one 


500 
“sawtooth” 
ay's record; 
es an hour. The ele 


15 days, 


à row—that is, for as 


per day, responded only 
in 24 hours if it w 
stimulate itself for 24 hours per day. 
Thus, animals with electrodes in the 
telencephalon appeared to show some 
genuine satiation. No similar satiation 
appeared in animals with electrodes 
in the hypothalamus. 


1000 times 
as permitted to 


EFFECTS OF DRIVES 


Further studies showed that 
animal's taste for the electric 
is often sensitive 
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reward 
to basic drives in the 
way that its taste for conventional re- 
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FIFTEEN DAYS OF RESPONDING 


FOREBRAIN ELECTRODE 


# 215 


Diagram similar to Figure 
i ; $ 

E an electrode implanted 
50 self-stimulations an hour. 


be at a constant current of 65 
place Wugris with a set of electrodes 
the x in the midline of the brain, 1n 
nü entromedial hypothalamus, and 
à us septal area, hunger scemed to 
mt y important positive effect, in- 
Whe self-stimulation rates (9, 175 
at 2 Us HOWEVER: animals were testec 
What difa of current levels, a some- 
98er different picture of the hunger 

m appeared. 
Mee the . experiments (as shown 
day . tS) animals were tested every 
ingl a a series of shock levels; accord- 
9 80 they yielded a series of response 
hide (usually of increasing. magni- 

). Each shock level was maintained 
for 8 minutes, response output was 
recorded, and then the shock was 
Shifted to the next higher level. Zero 
microam peres (no reward) was usually 
maintained for the first interval, and 
then the shock level was raised to 5 


8, showing respons 
below the 


Figure 9 
c rates in maze studies of an animal 


septal region. Here the rate is about 


microamperes, 10 microamperes, and 
so on. Response rates started at very 
low (chance) levels during the first in- 
and gradually rose to an asymp- 


terval 
haracteristic of the area of stim- 


tote cl 


ulation. 
Animals were run alternately—one 


day hungry and the next day full—to 
see whether this would change the rate 
of self-stimulation during the various 
intervals. Many animals responded 
faster when hungry and slower when 
sated, but this difference appeared 
only at a limited range of electric 
shock levels. The shock level at which 
the hunger difference appeared is 
called the “threshold of the hunger 
effect." 

Before discussing these thresholds I 
shall mention the gross findings of this 
ger study. When electrodes 
hypothalamus, all large 
lf-stimulation were 


recent hun 
were in the 
hunger effects on se 
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TIME OF DAY 


Figure 10 
ulation for 
Cumulative response 
along the ordinate, 
the abscissa, The experiment 
Started at noon; cross-hatching indicates 
darkness from 8 p.m. to 6 a.m. The animal 
(with an electrode implanted in the an- 
terior medial hypothalamus) stimulated 
itself at a rate of more than 2000 re. 
sponses an hour for 96 hours, then slept, 
and then resumed self-stimulation at the 
same rate. 


Graph of continuous self-stim 
a 48-hour period. 
totals are plotted 
hours along 


obtained with those electrodes which 
were clustered in the posterior sector, 
No hunger effects were found when 
electrodes were in the portion of the 
anterior hypothalamus that was ex- 
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plored. With electrodes in the telen- 
cephalon, however, strong hunger ef- 
fects appeared again in a rather un- 
clear pattern. With electrodes in the 
posterior hypothalamus, the interest- 
ing and orderly picture shown in Fig. 
13 was obtained. 

Thresholds for the hunger effect de- 
clined as the location of the electrodes 
approached a point about 1.95 milli- 
meters lateral to the midline at a point 
just in front of the mammillary body. 
If we assume that a hunger-reward 
center is located at this point, we find 
that it can be reached by 10 micro- 
amperes of current from electrodes at 
Points about 0.25 millimeter away and 
by 20 microamperes from electrodes 
at points about 0.5 millimeter away. 
From these data we may surmise (see 
Fig. 14) that a 50-microampere stim- 
ulus has a suprathreshold field with 
a diameter of about 1 millimeter. 

Electric stimulation in the whole 
posterior hypothalamus has rewarding 
effects, for stimulation through elec- 
trodes anywhere in this area produces 
very high rates of response even at the 
lowest current levels, Only stimulation 
of areas shown schematically at the 
lower left of Fig. 14, however, seems 
related to hunger; the other areas 
must be controlled by other drives. 

A hunger differential appears, we 
may surmise, whenever an electric 
field is increased to the point where 
there is a hunger-sensitive area on the 
boundary between the supra- and 
subthreshold Parts. If this is true, our 
data suggest a sharp localization of a 
hunger reward center in the hypotha- 
lamus and a very compact relation 
between it and the other drive-reward 
centers in the hypothalamus—a re- 
lation so compact that different effects 


will be achieved at different current 
levels. 
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Androgen-Level Studies 


In androgen-level studies (11), ani- 
mals were castrated after they had 
been trained to press the lever for 
brain shock. After castration, rate$ of 
Self-stimulation were measured for 14 
days of declining androgen level. 
Then testosterone propionate was in- 
jected, in doses of from 1 to 5 milli- 
grams per animal, and rates were 
Measured over a period of days while 
androgen levels rose and fell again. 
A series of testosterone injections was 
also given to see how rates of self- 
Stimulation were maintained under 
androgen replacement therapy- 


onses of animals w 
d electrodes in hypothalam 
h electrodes 
ar in animals w. 
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ith electrodes implanted in fore- 
us, in a continuous 48- 
in the forebrain show a point of 


ith electrodes in the hypothalamus. 


Two sets of data from this study are 
shown in Figs. 15 and 16. First, with 
an electrode in the dorsomedial cau- 
date nucleus, an all-or-none relation 
between rate of response and testos- 
terone level was obtained. The ani- 
mal was tested each day ata series of 
levels of current, from 15 to 55 micro- 
amperes. The animal responded well 
for a 15-microampere current when 
androgen levels were high; it did not 
respond at all, even for a 55-micro- 
ampere current, when androgen levels 
were low (see Fig. 15). The animal 
was taken through several androgen 
cycles. At high levels it always re- 
sponded; at low levels it did not. At 
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Hunger effects. Response output is plotted 


or dotted line represents a range 
started with current at zero. 
amperes, then to 10 eres, 
at cach level up to 35 or 40 microar 
approaching an asymptote ch. 
black lines represent response ran 
24-hours-hungry; the broken 
anima 


were full. At the left, a sh 
is indicated. There is no over] 
200 percent more responses when 
of current this differe 
mal with a different electrode pl 
scores at the higher curre 
lower levels, where 


the animal h 
ference 


between scores while 


the termination of its 
was responding at 
and Post-mortem examination showed 
that its seminal vesicles were not only 
as large as those of noncastrated rats 
but, indeed, were larger than normal, 
Thus, it is possible to get all-or-noth- 
ing drive effec ts from self-stimulation 


with electrodes placed in some parts 
of the caudate nucleus, 


The second point is th 
inverse relation between 
fects and hung 
self-stimulatior 


career the rat 
a very high level, 


at there is an 


androgen ef- 
er effects on the rate of 


n (see Fig. 16). Hunger 
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Current v. 
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rent days when anim 
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als were 
ays when the 
0 microamperes 
at this point. The animal averaged 
However, at all other levels 
€ right are scores for a different ani- 
a marked separation of 
30. and 35 mie roamperes. But at the 
rates, there is no dif- 
and scores while it is full. 


effects and androgen effects on rate of 
self-stimulation were measured in 16 


animals, with electrodes in different 
parts of the hypothalamus and telen- 
cephalon, on I-hour self-stimulation 
runs with a stimulus of ] volt (about 
60 to 80 microampere ) Animals 
which showed a strong increase in rate 
of self-stimulation in response to an- 
drogen showed a decline in rate of 
self-stimulation in response to hunger, 
and vice versa. In other words, if hun- 
8€r raised the response rate, androgen 
lowered it; if androgen raised the re- 
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Figure 13 


H 2 = : 
unger map. This is a schematic map of 


the region of the posterior hypothalamus. 
(Electrodes 8 to 9 mm long are implanted 
LN ION the primary skull marking 

egma.) The ordinate gives distance (in 
millimeters) from the top of the skull. The 
i issa gives distance (in millimeters) 
rom the midline. Thus, the right side of 
the drawing represents the medial por- 
Hon of the hypothalamus. The very dark 
Circles indicate electrode implantations 
accompanied by very large hunger effects: 
plain circles indicate those accompanied 
by moderate effects; broken circles indi- 
cute those accompanied by very small 
effects. The broken circle without a nu- 
1 hunger effect at all. 
other circles in- 
nt (in microam- 
t could 


indi 


The nume 
dicate the level of curre 
peres) at which the hunger effec 
be detected. In the case of the electrodes 
represented by the cluster of circles at the 
lower left-hand. corner of the map. levels 
t 10 microamperes pro- 
fect. With electrodes 
above this point, 
25 microamperes 
With electrodes 
f 30, then of 
to get 


of current of abou 
duced the hunger e 
represented by circles 

current levels of 20 and 
Bave the hunger effect. 
nearer the midline, currents o 
55, microamperes were required 
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sponse rate, hunger lowered it. If we 
p that the placement of the 
electrode rmines T 
„ 

t ndrogens, this 
study gives a firm basis for expecting 
to find anatomical differentiation be- 
tween the hunger-reward system and 
the androgen-reward system. 

Other experiments showed the ef- 
fect of forced electric stimulation on 
food consumption (consummatory be- 
havior). In these experiments (12), 
electrodes were implanted and were 
used first to test the effect of stimula- 
tion on food consumption. The ani- 
mals were maintained on an ad libi- 
tum diet. Eating, under stimulation, 
in stimulation boxes, was measured 
for 1 hour per day with current of 
about 80 microamperes applied for 0.5 
y 10 seconds. Other groups 
were stimulated with current of 25 mi- 
croamperes applied for 0.5 second 
every second. Measures of food in- 
take under stimulation were matched 
tinst food intake during control 
weeks during which there was no 
stimulation. As has been reported by 
others (/3), stimulation in the ven- 
tral posterior hypothalamus at points 
about 1.5 millimeters lateral to the 
midline caused an increase in eating; 
stimulation medial to these points 
sometimes, but not always, caused a 
decrease in eating. After these tests 
were completed, the same animals 
were subjected to self-stimulation tests 


second ever 


differentiation, and even then it 
was small. With the electrodes represented 
n the top medial part of the 
square, no hunger effect is detected at any 
of the levels of stimulation used. It is al- 
most, but not quite, true that the distance 
from a point 9 mm deep and 1.25 mm 
lateral determines the amount of current 
to get the hunger effect. 


hunger 


by circles ir 


needed 
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Figure 14 
Electric fields for different levels of cur- 


rent. A current of 10 microamperes seems 
to produce a suprathreshold electric field 
which extends more than 0.25 mm down- 
ward but a much shorter distance out to 
the sides and a still shorter distance up- 
ward; 20 microamperes seems to reach 
about 0.75 mm downward; 55 microam- 
peres, about 1 mm. If reference is made 
to this schematic drawing of the field in 
connection with each point on the dia. 
gram of hunger effects (Figure 13), it may 
be seen that the boundary of the supra- 
threshold field cuts through the supposed 
hunger point at the shock level where the 
hunger difference appears. This dr 
is intended to Suggest orders 
but not exact relationships. 


awing 
of magnitude 


with the same levels of current. The 
lateral electrode placements, in areas 
where stimulation seemed to increase 
hunger drive, were the ones that 
usually produced extremely high rates 
of self-stimulation. The medial place- 
ments, in areas where stimulation 
seemed to reduce the hunger drive, 
ordinarily produced much slower rates 
of self-stimulation. 

To avoid the notion that there is a 
food-reward “center” in the posterior 
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hypothalamus, it should be men- 
tioned that a similar relationship be- 
tween hunger and electric stimulation 
seems to exist in several more anterior 
parts of the brain. Figure 17 shows 
the effect from a rewarding electrode 
placement in the telencephalon. Elec- 
tric stimulation at this point increased 
eating behavior by almost 50 percent, 
and the animal stimulated itself at a 
rate of over 1000 responses per hour 
with no change in level of current. 

There is a superficial anachronism 
in these data correlating drive increase 
(measured by eating behavior) and 
reward (measured by self-stimulation); 
reward has classi ally been thought to 
be correlated with drive reduction. 
There is, of course, the possibility that 
some conflicting drive is reduced by 
the stimulation, thereby permitting 
the animal to eat. There may also be 
neighboring drive and reward areas, 
both activated by the same electric 
field. However, the correlation of re- 
warding properties with a stimulus 
which produces consummatory be- 
havior need not be surprising. If we 
think, for example, of a stimulus to a 
sexual consummatory response, we 
might expect Some rewarding prop- 
erties. Why not expect a similar result 
in the case of hunger? 

Thus, our analysis permits the fol- 
lowing generalizations: (i) che electri- 
cal reward is effective where more con- 
ventional rewards are effective—in a 
Skinner box, runway, complicated 
maze, and obstruction box; (ii) the 
reward has the same effect from day 
to day over long periods of time; (iii) 
with stimulation through electrodes 
In some brain arcas, hunger augments 
the rate of self-stimulation, and with 
sumulation through electrodes in 
other brain areas, androgens augment 
the rate; (iv) the rewarding stimulus 
often appears to produce a temporary 


Effect of androgen on threshold 
changes from day 7 after castra 
these changes by injection of 5 
are tested cach day at levels of current 
by steps of 5 microamperes. 


increment in some consummatory be- 


havior. 


Drug Studies 

‘The last part of this article deals 
with more practical considerations. It 
seems that certain behavior disorders 
might be benefited if “reward” or 
pleasure” systems of the brain could 
be selectively controlled by use of 
pharmacological agents. It might be 
important to control one of the drive- 
reward systems without affecting the 
Other systems, or to control the for- 
ward or cortical reward systems with- 
out affecting the posterior, hypothala- 
mic systems. 

For these reasons we have hoped to 
find differential sensitivity of different 
reward placements tO different drugs 
with known emotional or psycholog- 
ical effects. In recent drug studies 
(14), series of levels of current Were 


1 of response to stimu 
tion to day 17 after 


mg of testost 
that increase from 
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nation, showing threshold 
castration and reversal of 


erone propionate in oil. Animals 
15 to 55 microamperes 


used, as in the drive studies. Animals 
were allowed to stimulate themselves 
for eight minutes at each level of cur- 
rent, starting at zero and working up 
to 40 or 50 microamperes. As was in- 
dicated previously, the animals did 
not respond at zero and 5 microam- 
peres. At 10, 15, or 20 microamperes, 
the animals began to respond. The 
eight-minute interval in which they 
began to respond was called the 
threshold interval. A drug was in- 
to become effective at the be- 


jected, 

ginning of the threshold interval 
(which had been determined by sev- 
eral weeks of previous control test- 
ing). 
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HUNGER EFFECTS 


Figure 16 


Relation of hunger effects and androgen 
effects. Along the abscissa, differences 
from control rates caused by 24 hours of 
hunger are plotted as percentages of con- 
trol rates. Along the ordinate are plotted 
similar differences caused by administra- 
tion of 2 milligrams of testosterone to 
castrated animals. Each point represents 
one electrode. SL, lateral septal area; SM, 
medial septal arca; HL, lateral hypo- 
thalamic arca; HM, medial hypothal 
area; CM, medial caudate area, 
were run at high const 
tric current. Stimulation points positively 
affected by hunger tend to be negatively 
affected by androgens, and vice versa, 


amic 
Animals 
ant levels of elec. 


Start, that is, with the threshold in- 
terval). Rectangular outlines show the 
average rate of response for the day 
before, and the day after, the drug 
test. The dark bars indicate the rate 
of self-stimulation when the animal 
was under the influence of the drug. 
The dotted lines show the degree of 
the effect of the drug. In Fig. 18 the 
data are for chlorpromazine injected 
intraperitoneally at 2 milligrams per 
kilogram. In the case illustrated at the 
left of Fig. 18, in which the electrode 
was in the middle hypothalamus, none 
of the self-stimulating response was 
eliminated at threshold, only 25 per 
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cent of the response was eliminated 
at the next level, and 2] percent was 
eliminated at the third level, after 
which all inhibitory effect of chlor- 
promazine was over, in this case. In 
the case illustrated at the right, in 
which the electrode was placed in the 
ventral posterior hypothalamus, the 
effect was much more pronounced; 
self-stimulation is totally eliminated 
in all six of the intervals shown. 

A map of the effects of chlorproma- 
zine obtained with 31 cases has been 
made. It shows that the effects of 
chlorpromazine are strongly inhibitory 
on self-stimulation when electrodes 
are placed in the ventral posterior 
hypothalamus. With electrodes in the 
middle hypothalamus, there is a some- 
what less marked effect, and with 
electrodes in the anterior hypothala- 
mus, there is very little effect. The ef- 
fects are small with electrodes in the 
anterior preoptic region but seem to 
become quite strong again with elec- 
trodes in parts of the septal region. 

With electrodes in the posterior 
hypothalamus and in the anterior hy- 
pothalamus, the same drug has strik- 
ingly different effects on the rate of 
self-stimulation, Since the drug does 
not greatly slow self-stimulation via 
electrodes implanted in the anterior 
hypothalamus, there is some assur- 


ance that the drug does not impede 
behavior as such. 


Since the drug does 
greatly slow self-stimulation via elec- 
trodes Implanted in the ventral pos- 


terior hypothalamus, there 
assurance that the drug 
tively, either on this 
9r on some of the areas to which it 
projects, to Produce its rewarding ef- 
fect. Furthermore, it is reasonable to 
assume that the areas sensitive to the 
drug are not essential to al] rewarding 
effects, because anterior hypothalamic 


stimulation has its rewarding effect 
in spite of the drug. 
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Another example of a differential 
drug effect is the interaction of sero- 
tonin and lysergic acid diethylamide. 


Serotonin is supposedly a transmitter 
and lysergic 


substance in the brain, 
acid diethylamide is a psychotomi- 
effects somewhat 


metic (producing 
similar to psychotic hall 
Studies by other workers ( 
Suggested that in some Cases 5 
might be antagonistic to the effects of 
lysergic acid diethylamide. When 
lysergic acid diethylamide was injected 
intraperitoneally, just prior tO the 
threshold interval, there was usually 
an inhibitory effect on self-stimulation. 
In most cases the drug was effective 
in both the first and second intervals 
after injection. The effect of the drug 
appeared most dependably in the sec- 
ond eight-minute interval after injec- 


ucinations). 
15) have 
erotonin 


ced by "rewarding 
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" stimulus. 


tion; therefore, we studied the inhib- 
itory effect on self-stimulation in this 
second interval in further analysis. We 
two types of interaction be- 
tween lysergic acid diethylamide and 
serotonin. In the first, lysergic acid 
diethylamide alone had a strong 
inhibitory effect on self-stimulation; 
when serotonin was administered half 
hour before the lysergic acid di- 
e injection, however, there 
was no effect of the latter at all. Fi- 
nally, bromo-lysergic acid diethyla- 
mide which is like lysergic acid di- 
ethylamide but is supposed not to 
from the blood into the 
inhibitory effect on 
In the second case, 
diethylamide had a 
This time, how- 
antagonize 
acid 


found 


an 
ethylamic 


cross easily 
brain, had 
self-stimulation. 
lysergic acid 
strong. effect again. 
ever, serotonin did not 
the effect, and bromo-lysergic 
diethylamide had the same eflect as 
acid diethylamide itself. 


no 


lysergic 
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Differential e 


tributed to the more posterior position of the electrode 


The two effects on self-stimulation 
are mapped in Fig. 19. We see that 
when electrodes are in certain de- 
limited parts of the hypothalamus 
and telencephalon, serotonin fails to 
antagonize the effects of lysergic acid 


ects of chlorpromazine. Rectan 
Black bars show output under influence of 
which data are given at left was almost un 
which data are given at right was almost 


Figure 18 
gles show normal response output. 
chlorpromazine. The animal for 
affected by the drug. The animal for 
totally inhibited; the difference is at- 


in the latter case. 
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were fects Were found when electrodes 
e in the telencephalic region. Later 
1 with graduated levels of electric 
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EA dae The inhibitory effects of 
eo aia on self-stimulation in the 
tines ialamus do not appear at low 
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Figure 19 
c acid diethylamide on self-stimula- 
here the effects are not 
ails to protect against lysergic acid 
is the same effects as lysergic 


indicate that reserpine 
ely lower seizure thresh- 
lation via the posterior 
hypothalamus. Petit mal states, elic- 
ited by stimulation at high voltages 
plus the reserpine, seem to account 
for the seeming inhibitory effect of 
reserpine on self-stimulation via the 


hypothalamus. 


These data 
may selectiv 
olds for stimu 


Summary 

are these: (i) The 
primary reward- 
in a midline 


My conclusions 
cells which mediate | 


ing effects are locatec 
system running from the midbrain 


through the hypothalamus and mid- 
line thalamus and into the subcorti- 
cal and cortical groups of the rhinen- 
cephalon. (ii) The cell groups which 
mediate primary rewarding effects are 
different from those which mediate 
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primary punishing effects. (iii) Despite 
this relative independence, there are, 
undoubtedly, relationships of mutual 
inhibition existing between these two 
systems. Rewards do, among other 
things, tend to reduce sensitivity to 
pain, and punishments do tend to 
reduce rewarding effects. (iv) These 
primary reward systems of the brain 
are subdivided into specific drive- 
reward subsystems mediating the spe- 
cific drives such: as hunger and sex. 
(v) Because there are also subsystems 
of this set of rewarding structures 
sensitive to different chemical effects, 
it is reasonable to hope that eventually 
it will be possible to control the re- 
ward systems pharmacologically in 
cases where behavior disorders seem 
to result from deficits or surfeits of 
positive motivation. 
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have always presented problems that 
xceed those encountered 
ther regions of his brain. 
In striving to give a functional in- 
terpretation of anatomic pattern, we 
have therefore tended, in our labora- 
tory, to begin by considering the oc- 
cipital lobes and their processing of 
information (Teuber & Bender, 
et al, 1960), and to 
here to analysis of pa- 


seemed to € 
in studying o 


visual 
1949; Teuber 
progress from t 
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rietal and temporal lobe syndromes 
involving touch and hearing and 
higher processes (Teuber et al., 1951; 
Semmes et al., 1960). In this wz y, one 
can spend one's life as an investigator 
without ever crossing the central fis- 
sure. And well one might—because it 
appears that by starting at the poste- 
rior end of the brain, it may become 
impossible in principle to reach the 
frontal lobes. 

I now believe that analysis of frontal 
lobe functions requires that we begin 
from that end, considering how these 
anterior parts act upon posterior, 
and predominantly sensory structures. 
What is needed is a 180° turn (Teu- 
ber, 1961b). It is hardly an accident 
that the frontal lobes have continued 
to pose such insuperable difficulties 
to interpretations in traditional stim- 
ulus-response terms. Such conventional 
attacks on the problem go from sen- 
sory to motor functions; if the Opposite 
approach is required—going from mo- 
tor to sensory, 
then 


as we shall suggest— 
it may become understandable 


why frontal symptoms have been so 
perplexing. 


Comparison with Infrahuman 
Forms 


This may be as true for our ap- 
proach to frontal lobe function in 
monkeys and carnivores 
be true for man. During 
days two things have become abun- 
dantly clear: First, despite their fam- 
ily resemblance, these assorted aspects 
of frontal lobe dysfunction, in infra- 
human species, are dissociable, since 
any one of these symptoms can be 
shown to occur without the. other: 
This dissociation can be de 


as it seems to 
the last three 


monstrated 
either by making sufficiently selective 
lesions (e frontolateral 


versus or- 
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bital), or by considering different spe- 
cies. 

The second point, more painful to 
admit, is this: Despite the conspicu- 
ous efforts and ingenuity that went 
into behavioral analysis of these fron- 
tal lobe symptoms, their interpreta- 
tion, in terms of some basic alterations 
in carnivore or simian behavior, re- 
mains elusive. We still do not have a 
satisfatcory functional interpretation 
of the delayed-response task (Carr, 
cited by Hunter, 1913; Hunter, 1913; 
Jacobsen, 1935)—to take just one ex- 
ample—since we have been shown by 
Mishkin (Chapter 11) that the delayed- 
response deficit cannot be reduced to 
an inability to Overcome response 
preferences (Mishkin et al, 1962). 
Moreover, none of us seems ready to 
say how it comes about that the clas- 
sical frontal lobe symptoms fail to ap- 
pear if the lesions are placed quite 
early in an animal's life. Clearly, func- 
tional interpretation will require new 
ways of looking at the symptoms. I am 


hopeful that such new viewpoints 
might be derived eventually from con- 
Unued study of frontal lobe syn- 


dromes in man. 


Contradictions in the 
Clinical Literature 
To raise such hopes at this stage 
may seem Unreasonable in view of the 
bewildering variety of symptoms that 
have been reported as consequences 
of front lan and the still 
interpretations in 
There certainly is 


al lesions in n 
sreater variety of 
terms of functions, 
no other cerebral structure in which 
lesions can produce such a wide range 
of symptoms, from cruel alterations in 
character to mild changes in mood 
that seem to become undetectable in 
a year or two after the lesion. Lack of 
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precise knowledge of the lesion, in the 
majority of clinical cases, might ac- 
count for the difference from the situ- 
ation found in animal experiments 
where there is such a dependable re- 
lationship between certain fractional 
frontal lesions in the monkey (bilateral 
or destruc- 


sulcus principalis removals, 
ecific 


tion of caudate nucleus) and a sp 
alteration in behavior (delayed-re- 
sponse deficit). Linked to the uncer- 
tainty about symptoms in man is the 
bewildering range of interpretations. 
These views go from the extreme po- 
sition that the frontal lobes in man 
are his highest centers, or “organs ol 
civilization," to the assertion that large 
uncomplicated removals of prefrontal 
cortex need not be followed by any 
behavioral deficits. 


Sources of Contradictions 


There are probably a number of 
reasons for this unsatisfactory state of 
affairs: the radical mature of earlier 
claims; the pitfalls in dealing with the 
single case; the hidden bias in many 
studies of groups of cases; and, finally, 
as in the animal experiments, the lack 
of a suitable theory. We shall briefly 
each of these points, then 
a theory; after that, 
experimental 
his tentative 


consider 
turn to a sketch of 
we shall present our own 
results in the light of t 
theoretical approach. , 

Extreme Views. Discussion of fron- 
tal lobe syndromes in man have been 
marred by an extravagance of plans 
not found for other structures. During 


the first third of this century, there 
developed a substantial majority opin- 
ion which ascribed to the frontal lobes 
all the highest conceivable functions 
from “abstract behavior,” foresight, 
and intellectual synthesis, to capacity 
for ethical behavior, control of effect, 
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awareness of self, and recent mem- 
ory (Ackerly, 1935; Brickner, 1936; 
Goldstein, 1936; Goldstein & Katz, 
1937; Goldstein & Scheerer, 1941; Ry- 
lander, 1939, 1943). In the early for- 
ties and through the fifties of the 
century, the pendulum swung in the 
other direction—toward a denial of 
any especial importance of human 
prefrontal structures (Hebb, 1939, 
1945: Mettler, 1949; Pollack, 1955; 
Teuber, 1959; Teuber et al, 1951). 
Both assertions—that of a crucial im- 
portance of frontal regions, and that 
of their being dispensable—have often 
been defended by reliance on the sin- 
gle case (Ackerly, 1935; Beringer, 
1941; Brickner, 1936). 

Single Cases. The famous patient, 
“Joe A." of Brickner (1934, 1936, 
1939, 1952), with his seriously dete- 
riorated behavior, contrasts with the 
case of K.M., reported by Hebb & 
Penfield (1940), where bilateral re- 
moval of frontal tissue (including an 
epileptogenic scar) seemed to restore 
normal behavior in a young man who 
had suffered a depressed bifrontal 
fracture at the age of sixteen. Brick- 
ner's case, incidentally, turned out, 
on autopsy, to harbor multiple menin- 
giomas besides the one that had been 
removed originally together with his 
frontal poles (Brickner, 1952). One of 
these remaining tumors was the size 
of an apple, and was found in the 
parieto-occipital lobe substance. 

It is also obvious that frontal tumors 
should be, on the whole, more devas- 
tating than trauma—even if the tumor 
is limited to prefrontal regions. The 
disposition of blood vessels adds to 
this complexity (Critchley, 1930); we 
need only to remind ourselves of the 
role of the anterior cerebral artery 
(Figure 90.1), which supplies not only 
frontal-cortical, but also deep sub- 
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Figure 20.1 
Distribution of cerebral arteries (A, an- 


terior, M, middle, P, posterior). Note 


vast extent of region supplied by 
branches of the anterior cerebral artery. 
The lateral aspect of the brain is shown 
above, the below. A morbid 
process compromising the anterior cere- 
bral artery produces disturbance beyond 
the confines of the frontal lobe, particu- 
larly in medially situated structures, (From 
Teuber et al., 1960.) 


medial 


cortical structures, and re 
into central and postcentr. 

Even less is known 
age in determining 
frontal lesions, Some 
"negative" 
tained their frontal lesio 
in life (Hebb, 1945), 
second decade. Other 


aches back 
al regions. 
about the role of 
the outcome of 


ns quite early 
in the first or 
equally isolated 
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case reports (such as those by Ritchie 
Russell, 1959; or Ackerly, 1935) point 
in the opposite direction, a seriously 
disabling effect of bifrontal lesions 
incurred in childhood. 

Studies of Groups with Frontal Tu- 
mors. The contradictions between 
studies carried out in the past on 
groups of patients is no less puzzling. 
Maximal deficits were found after 
frontal tumors, as compared with tu- 
mors elsewhere in the brain, both by 
Rylander (1939, 1943) and by Halstead 
(1947); yet these results are contra- 
dicted by the work of Pollack (1955) 
and Battersby et al, (1955) and that 
of others who used similar tests and 
tried to assemble similar cases. Per- 
haps an important source of difficulty 
lies in the fact that Rylander selected 
his cases in such a Way as to produce, 
unwittingly, a greater severity of defi- 
cit in the frontal group, merely by ex- 
cluding cases of aphasia, apraxia, and 
agnosia from his total sample; these 
clinical changes are more likely to 
appear with serious posterior lesions. 

Generally, the larger size of the 
frontal lobes and their comparative 
distance from specific motor or sensory 
or language areas will allow a tumor 
or abscess to grow in the frontal areas 
for much longer periods without being 
detected, Thus, “unselected” clinical 
Sroups—no matter how numerous— 
may reflect a curious bias in favor of 
larger lesions in the frontal lobe cases, 
and smaller lesions with involvement 
of other parts of the brain. 

Studies of Groups of Cases after 
“Psychosurgery.” Work on cases of 
Surgical lesions, as in lobotomies 
(Partridge, 1950; Petrie, 1952a) and 
topectomies (Mettler, 1949, 1952), has 
difficulties of another, but equally 
serious kind. There are no contrasting 
groups with lesions outside the frontal 
lobes, so that we have no way of tell- 
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Ing whether any symptoms produced 
by the frontal lesions are in fact spe- 
cific for frontal pathology, or are to 
be expected equally with lesions in 
other lobes. Still more serious is the 
fact that the surgical trauma is super- 
imposed in most cases of psychosur- 
gery on preexisting psychiatric illness, 
or intractable pain states. Thus, failure 
to find effects in particular dimensions 
of behavior after psychosurgery might 
merely indicate that the pathology 
produced by the surgeon's knife is 
submerged in the preexisting abnor- 
malities. This point has been made 
most forcefully by Rosvold & Mishkin 
(1950), who showed that test intel- 
ligence after lobotomy did not drop in 
relation to scores obtained just prior 
to operation, and thus during the 
psychiatric disease that led to it. Yet 
both types of scores were lower than 
those obtained much earlier, before 
the onset of the patient's psychiatric 
illness. 


EARLIER STUDIES oF GROUPS OF CASES 
WITH MissiLE WOUNDS OF THE DRAIN 


T he study of cases of penetrating 
missile wounds has the advantages 
that there is usually no preexisting 
Pathology, and that the distribution 
of lesions is nearly random over both 
cerebral hemispheres. Most impor- 
tantly, we can survey relatively large 
groups of cases that are unselected 
with regard to symptom. These cases 
can be studied because they have the 
penetration into the cranial cavity 
and not because of any symptoms that 
might be more or less severe, OF more 
or less noticeable, depending on the 
lobe and subregion involved. 

Feuchtwanger's Work. The clas 
sical study of this kind was Feucht- 
wanger's survey (1923), five years after 
World War I, of 200 frontal gunshot- 


311 


wound cases, systematically contrasted 
with 200 cases whose known gunshot 
wounds had entered the skull outside 
of the frontal region. A careful read- 
ing of Feuchtwanger's monograph 
would have prepared us for the sur- 
prises of the forties and fifties of this 
century: the increasing evidence that 
frontal lesions, on the whole, have less 
effect on test intelligence, on cate- 
gorizing, and on a variety of complex 
reaction-time tasks than lesions in 
other areas of the human brain. He 
concluded that specific changes were 
not to be sought, either in the intel- 
lectual sphere, or in that of "atten- 
tion” or “memory,” including recent 
memory. Instead, the more pervasive 
changes were those of mood and at- 
titude, ranging from euphoria, or, less 
frequently, depression to a curious 
form of “other-directedness” on the 
patient’s part—an incapacity for mak- 
ing plans. These changes were inde- 
pendent, in Feuchtwanger's view, from 
the occasional alterations. in motor 
control: restlessness, hyperkinetic be- 
havior, or, more rarely, slowing and 
torpor. 

None of the changes, however, 
obligatory. Even Feuchtwanger, with 
his numerous tests and detailed life 
histories, found 13 patients among his 
900 cases of frontal gunshot wound 
who were negative in every respect; 
i.e., they had the lesions, but no symp- 
toms. Similarly, the more characteristic 
changes in Feuchtwanger's list were 
actually far from universal: facetious- 
ness, which Feuchtwanger considered 
an outstanding "frontal" symptom if 
present, appeared in 9 of 200 frontal 
cases, and in 1 of the 200 nonfrontals. 
Such results suggest that in gunshot 
wounds, with their haphazard and 
often minimal effects on the injured 
tissue, positive symptoms may be more 
revealing than the absence of symp- 


was 
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toms—a conclusion we have reached 
somewhat reluctantly over the years. 

Interpretations of Earlier Studies of 
Frontal Trauma. Feuchtwanger's in- 
terpretations of his own positive find- 
ings are perhaps less helpful. He in- 
sisted that psychological changes must 
be described in the context of an in- 
trospectionism in which he had been 
brought up. Symptoms had to be re- 
ferred to alterations either in ‘repre- 
sentations,” in "feelings," or in “will.” 
He decided the principal change was 
in the sphere of voluntary action, and 
in the ability to evaluate situations 
(Werturteile). 

He insisted that frontal lobe syn- 
dromes could not be appropriately 
described in the framework of purely 
"associationistic" or "sensationalistic" 
psychology. If he were with us, and 
unreformed, he might say that 
objective behaviorist can note the 
changes after frontal lesions but can- 
not understand them, since he him- 
self has "lost" the problems of "will" 
and "values"—as being outside the 
realm of the scientific study of behay- 
ior. Yet it is precisely this problem 
of finding an objective approach to 
such dimensions of behavior that 
makes the study of frontal syndromes 
a particular challenge for 
mental psychology. 

"There is, of course, another way of 
dealing with frontal symptoms. The 
way was open to Feuchtwanger, 
knew of Kleist's interesting 
(1931, 1934) to interpret all 
lobe changes as “psychomotor” 
toms, in line with Wern 
tion (1874, 1894) of precentra] 
tures (Kleist, 1908). T is curious that 
Feuchtwanger rejected. this approach, 
in spite of the fact that his results 
were close to Kleist's descriptions 
(1981) of "Antriebstórung" (change 
in drive) as a basic change after fron 


the 


experi- 


who 
attempt 
frontal 
symp- 
icke's concep- 
Struc- 
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tal lesions, and in spite of the fact that 
Feuchtwanger had documented a 
characteristic change in postural con- 
trol as part of the frontal symptom 
complex. 


The Search for a Theory 


Some CLINICAL OBSERVATIONS ON 
PROGRESSION OF “FRONTAL SIGNS” 


In trying to de 


al with the challenge 
raised 


by Feuchtwanger’s results and 
by our own rather puzzling data, one 
should turn to some consideration of 
what is seen in a “typical” clinical 
case. Take, for instance, the progres- 
sion of symptoms in a slowly develop- 
ing bifrontal abscess: The very first 
changes, often missed, may be in- 
dolence, with mild inattentiveness, or 
dreamy attitudes; later, there may be 
explosive laughter, or giggles, or, less 
often, crying spells. There is likely to 
be increased urinary urgency, and 
Some rigidity of the patient's face, with 
difficulties in voluntary shifting of 
Baze. At still later stages, the patient 
shows the peculiar “Gegenhalten” (cf. 
Kleist, 1931); he holds on to the ex- 
aminer's finger; as the examiner moves 
his own, the patient's rigidity dissolves 
and he follows smoothly into a new 
position: wherever the examiner stops, 
the rigidity immediately reappears. 
With a few repetitions, the patient 
gives the impression that he anticipates 
the end POsitions, as if he were play- 
ing a Same with the examiner. This 
behavior (following, then resisting) is 
rather different from ordinary Parkin- 
sonian rigidity, Which exists over the 
whole range of Motion, 

In still mo 
disease, 
grasping, 


re advanced stages of the 
we have full-fledged, forced 
in which the slightest con- 
tact, especially that on the inside of 
the patient's fingers, triggers a com- 
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pulsive grasp (Janischewsky, 1909; 
Richter & Hines, 1934). In its severe 
forms, the grasp reaction is released 
by vision. (Goldstein, 1931), and the 
patient shows not only forced grasping 
but groping ("Zwangsgreifen" and 
» achgreifen") following the exam- 
iner's hand, or the reflex hammer— 
even without tactile contact (Rush- 
worth & Denny-Brown, 1959; Schuster 


& Pinéas, 1926). In discussing these 
phenomena,  Denny-Brown (1951) 
pointed out that contact responses 

asp- 


which precede or accompany a 8r 
ing movement have become compul- 
sory stimuli. How can this be inter- 
preted? 

STIMULATION OF FRONTAL EYE FIELDS 

Or take another simple clinical ob- 
servation: A patient is on the operat- 
ing table with bilateral trephine holes 
over the lateral frontal regions (un- 
published observations with F. Ech- 
lin). Stimulation on one side, say the 
left, will induce head turning to the 
Opposite side, but the eyes remain 
fixed (forward), so that they move 
relative to their orbits in a compen- 
satory fashion, maintaining fixation 
during changes of head or body pos- 
ture. If the head is prevented from 
moving during such unilateral cortical 
Stimulation, then the eyes move m- 
stead to the contralater side. Simi- 
larly, if the room lights are turned oll. 
both head and eyes move to the side 
opposite the electric stimulus. 

This demonstration is, Of course 
nothing but the classical experiment 
on the role of “frontal eye fields, re- 
ported in detail for waking or lightly 
anaesthetized monkeys by Graham 
Brown (1922). He believed the effect 
indicated that the stimulus activated 
a highest-level oculomotor mechanism, 
a “voluntary” level, in contrast to the 
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automatic or “reflex” fixation mech- 
anism in the preoccipital eye fields 
(Brown, 1922). Others have attributed 
the complexity of the frontal-stimula- 
tion effect to the presence of a com- 
pensatory reaction, while Denny- 
Brown (1951) prefers an interpreta- 
tion in terms of general—not purely 
visual—orienting responses. But are 
these interpretations incompatible? I 
rather suspect that a great many of 
the frontal symptoms can be under- 
stood as falling into the same general 
class of defects in compensatory mech- 
anisms which normally permit highest- 
level motor functions in response to 
sensory stimulation. Thus, the old- 
fashioned view we have gradually 
adopted is that frontal lobe lesions 
produce changes on the sensorimotor 
level, but changes of a very special 


sort. 


SKETCH FOR A THEORY: ROLE OF 
FRONTAL STRUCTURES IN MAINTAINING 
A “COROLLARY DISCHARGE” 


What is required here is the 180° 
turn in our approach, the turn we 
have promised from the beginning. 
Perhaps the greatest difhculty in un- 
derstanding the frontal lobes has been 
the classical tendency to start all con- 
siderations of brain function from the 
sensory side, and to proceed in the 
familiar fashion from the sensory to 
the motor. We propose instead that 
an important contribution of frontal 
structures is to the corollary discharge 
to a discharge from motor to sen- 
structures—which prepares the 
sensory structures for an anticipated 
change (Teuber, 1960, 1961a, 1961b). 
Thus, a grasp will lead to an unex- 
pected contact sensation which sig- 


the successful completion of 
virtue of its 


—i.e., 
sory 


nalizes : 
the act of grasping by 
matching the prediction of contact, 
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which thus becomes both a trigger and 
a brake of the normal motor act. The 
principle can be made even clearer in 
considering the control of voluntary 
eye movement (Teuber, 1960, 1961a, 
1961b; von Holst & Mittelstaedt, 1950). 
During a voluntary shift of gaze, the 
environment stands still-presumably 
because a corollary discharge from the 
oculomotor to the visual mechanism 
prepares the latter for the change in 
relative position which will result 
from the ocular motion (Sperry, 1950). 
Passive motion of the eyeball, as can 
be produced by pushing against the 
eye, makes the world move, because 
the counterbalancing corollary dis- 
charge is missing. Similarly, inverting 
spectacles (Held, 1961; Kohler, 1951) 
lead to exaggerated motions of the 
visual field, with every movement of 
the eyes or head, because the corollary 
discharge has the wrong sign. Most 
importantly, paralysis of eye move- 
ment (as in external rectus palsy) is 
experienced by the patient as a con- 
tinuous moving about of the visual 
scene, because the discharge from mo- 
tor to sensory systems is now running 
off in vacuo, unchecked by the normal 
motor effect. 

We have come to the conclusion 
that disturbances on this level of mo- 
tor function, i.e., on the level of the 
corolary or anticipatory discharge, 
represent an important common de. 
nominator in many forms of frontal 
lobe pathology in man. T 
tion has arisen against th 
of an unexpectedly large body of neg- 
ative evidence, i.e., of tasks on which 
our patients with frontal lesions either 
performed normally or at least no 
worse than patients with lesions el 
where in the brain. Both the negative 
evidence and the few positive symp- 
toms to which we shall turn later have 
to be considered within the framework 


his recogni- 
€ background 


se- 
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of the particular patient population in 
which we undertook our search for 


specific and lasting changes after fron- 
tal lesions. 


Experimental Results 
Groups STUDIED By Us 


As in our work on Occipital, parie- 
tal and. temporal syndromes, the ef- 
fects of frontal lesions were observed in 
the course of studying 232 men with 
gunshot wounds of the brain, and 118 
controls with injury of peripheral 
nerves, but not of the brain. The selec- 
tion of these cases, their grouping into 
classes determined by presumed site 
of lesion (locus classification) or by 
various quantified Sensory or motor 
deficits. (symptom classification) have 
been repeatedly described (Teuber, 
1959; Teuber et al., 1960). Crucial to 
our selection of cases was the require- 
ment that the men be seen by us be- 
cause they had the lesions and not be- 
cause they did or did not have any 
particular need for clinical attention. 
Of the 239 men, 90 had frontal pene- 
tration (42 left, 99 right, and 26 bi- 
lateral). Clinically, only very few men 
in this subgroup presented gross fron- 
tal lobe syndromes, such as are seen 
with space-occupying lesions of the 
frontal Structures, 


IVE EVIDENCE: 


GENERAL 
OBSERVATIONS 


There is thus far no indication that 
the frontal Sroup compares unfavor- 
ably with the other locus groupings 
in terms of post-injury employment, or 
domestic arrangements, Only very few 
of the frontal changes involve diffi- 
culties of the sort usually cited in the 


literature, Thus, one man has de- 
veloped a peculiar mythomania—tell- 
ing of various 


imaginary exploits, 
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such as hurried trips to the moon be- 
tween testing sessions. In this case, the 
pathological lying has led to dismissal 
from his job as bank clerk, although 
he did not to our knowledge show 
other forms of unconventional be- 
havior. One doubts, of course, whether 
this single case among so many justi- 
fies attribution of the behavioral dis- 
turbance to the injury, but the telling 
of tall tales, often without any obvious 
striving for gain—has occasionally been 
described as a sign of frontal lesions. 
Two men show marked facetious- 
ness; interestingly, one of them is also 
hyperkinetic, constantly pacing about 
the room, talking loudly, with explo- 
sive laughter; when he sits down, he 
continuously picks imaginary specks 
from his clothes or from the furniture. 


The other, however, shows facetious- 
ness against a background of dimin- 
ance of 


ished motility, with an appear 
mild depression. Neither of these two 
is really employable. On the other 
hand, there are numerous patients 
with excellent post-injury adjustment, 
including one lawyer, one certified ac 
countant (who acquired his training 
after a severe bifrontal injury), and a 
minister who also trained. only after 

une puzzling 


the. injury. Thus, the s | i 
randomness of severe 


change is found in this group as je 
would find in others, provided the 
groups are not selected for the pres- 


ence of "trouble." 


rarity and 


NEGATIVE EvivE : SPECIFIC 
EXPERIMENTAL RESULTS 


A similar preponderance of 
formal 


results 


CFF. 
negative 
testing. Fusion thr f ; 
ing light (CFF) have been studied ex- 
tensively in this group particularly 
by Battersby (1951; Battersby et al., 
1951; Teuber & Bender, 1948; Teuber 


appears on fo 
esholds for flicker- 
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et al., 1960). Regardless of the method 
employed, whether with large or small 
targets, in the center or periphery of 
the field, with monocular or binocular 
regard, the frontal group shows normal 
or slightly better than normal fusion 
thresholds. By contrast, our occipital 
lobe group, as expected, shows a sig- 
nificant and permanent reduction in 
CFF (Figure 20.2). 

Sorting Tests and Related Tech- 
niques. In our hands, tasks such as 
the modified Weigl Card Sorting Test 
(Weigl, 1941) in the Wisconsin ver- 
sion (Grant & Berg, 1948) did reveal a 
deficit in frontals, as compared with 
controls, but a slightly more severe 
deficit appeared after parieto-temporal 
lesions—especially on the left (Teuber 
et al., 1951). The deficit is thus non- 
specific for frontal lesions—at least 
with the method of presentation we 
used. The same can be said for the 
numerous variations of these tasks em- 
ployed in our laboratory, including 
essentially nonverbal versions of od- 
dity, matching-from-sample, and con- 
ditional matching tasks (Teuber et al., 
1951; Semmes et al., 1954; Weinstein 
et 1955). All three tests were ad- 
ministered in two versions: through 
the visual and through the tactile 
modality. As we have reported else- 
where (Semmes et al., 1954; Weinstein 
et al., 1955), maximal defects appear 
either with parietal or left parieto- 
temporal lesions, suggesting again that 
tasks of this type are not likely to un- 
cover specifically frontal deficits 
against the background of essentially 
unselected cases with lesions in any 
part of the brain. 

AGCT. The same must be said 
results on tests of general intel- 
ligence, such as the Army General 
Classification Test (AGCT) . Here too, 
impairment appeared after 


for 


maximal 
left parietotemporal lesions (Teuber, 
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Mean CPS at fusion 
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Critical flicker frequency (CFF) as determined by flick 


icker perimetry for 10 nor- 
ns of occipit 


al lobe and result- 
aph). and 10 men with 


frontal lobe injury 
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1 Teuber & Weinstein, 1958; 
Veinstein & Teuber, 1957), rather 
than frontal—a result sharply at var- 
ius with Rylander's reports (1939, 
943), but in line with results for 
tumor cases obtained more recently 
by Pollack (1955) and others. 

Problem-solving Behavior. Tests 
of problem solving in somewhat more 
lifelike situations were equally un. 
productive of specifically “frontal” 
deficits. The tasks employed (Bat- 
tersby et al., 1953) were patterned after 
those suggested by Maier (1931, 1945) 
for the investigation of practical rea- 
soning. Here again, patients with fron- 
tal penetration did not do any worse 
than those with lesions in the posterior 
brain substance. 

Formboard. 
reports by Halstead ( 


In contrast tO earlier 
1947) was the 


finding that formboard and form- 
board recall scores were also lower 
after posterior lobe, rather than fron- 

20.3; Teuber & 


tal lesions (Figure 
Weinstein, 1954). Th 
unreasonable, in view 
symptomatology of pariet 
poral lesions. What is diffi 


again is not 
of the known 
al and tem- 
ult to un- 
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derstand is that this formboard task 
should have been considered a test of 
frontal pathology at all. 

Special Tests of Recent. Memory. 
To continue with such negative re- 
sults: Drs. Ghent, Mishkin, and I 
(1962) have recently completed a study 
representing à concerted attempt at 
teasing out defects in recent memory 
in our frontal group. Various tests 
of recent memory were devised for this 
study, in which we tried to provide 
tasks not readily memorized by verbal 
means. For instance, patients were 
required to recall, with or without a 
15-sec delay, the tilt of a line that had 
been exposed in the dark; the position 
of small points of light, in different 
parts of their visual field; the position 
punctate contacts on their own 
lastly, their own body posi- 
tion after brief periods of tilt in a 
tilting chair. On all these tasks, the 
frontals failed to show any deficits, as 
compared with controls. Such a nega- 
finding gains in importance if 
considers that the posterior-lesion 
abnormalities on 
Conventional tests 


of 
palm; or, 


tive 
one 
groups did show 
some of the tasks. 
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Error 


Number of errors 


Seconds 


Results of formboard test (Seguin-Godd. 
(C). 17 men with brain wounds implicat 


15 with wounds of the intermedi 
terior third (P). The blindfolded 
the corresponding 10 holes in the 
tion, then with the board 
"false entries," i 


attempts at fitting 


board) refer to a sum for both position 


(in sec) and recall (number of forms 


main task has been completed). On al 


injured subgroups are significantl 
anterior lesions did signific 
and the group with 
Weinstein, 1954.) 


of recent memory 
visual variant for 
span for visually presented 
stereometric Patterns) were likewise 
unproductive of any frontal deficit. 
Taken together, all our neg: 
sults may mean tl 
acute lesions, are 
major frontal lobe 


(digit span, and a 
this, viz., memory 
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Time 


Number of forms recalled 


Figure 20.3 
12 normal controls 
third of the brain (4). 
15 with wounds of the pos- 
attempts to fit 10 different forms into 


ard formboard) in 
ing the anterior 


board in its usual posi- 
) The total error scores (all 
ect opening in the 
as do the scores for time 
from memory after the 
scores (errors, time, recall) brain- 
ontrols; on recall, the group with 
an the other brain-injured subgroups, 

antly worse. (Based on Teuber & 


yet this conclusion is made unlikely 
by the fact that a few rather special 
tasks did bring out lasting symptoms 
after gunshot wound of the frontal 
lobes. None of these symptoms, how- 
ever, can be desc ribed as primarily in- 
tellectual, or as defects of attention or 
memory, no matter how defined. Let 
us turn, therefore, to those few posi- 
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tive findings that have accumulated 
in our work over the last 12 years. 


Positive FINDINGS 


Visual Searching Tests. To begin 
with, we have definite evidence for a 
subtle but lasting deficit in visual 
searching (Teuber et al., 1949). The 
test employed is an elaboration of a 
technique originally used by Poppel- 
reuter (1917)—the "Field of Search" 
(Figure 20.4). The task involves pres- 
entation of an array of 48 patterns 
distributed irregularly over a screen 
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Figure 20.4 
One of six test fields used in “field of 
search" procedures. Forty-eight patterns 
(distinguished by either shape or color, or 
both) are shown on a large rear-projection 
screen, so that the array of patterns sub- 
tends 60° by 60° of the subject’s ficld. 
ated in front of the dis- 


The subject is se 
area 


play forming the circular center 
(here shown in black). At a warning signal 
a duplicate of one of the 48 patterns ap- 
pears in the center, and the subject has to 
find the matching pattern in the periph- 
ery, with active eye and head movements, 


and identify it by pointing. 
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which subtends 60° by 60° of the pa- 
tient’s visual field. In the center of 
the field, a separate projector can 
show a duplicate of any one of the 
48 patterns, after a warning signal. 
Immediately after the appearance of 
the duplicate test pattern, the patient 
searches with active eye and head 
movement for that pattern in the 
periphery that matches the one in the 
center. He is timed for each of the 
search periods, and the results are 
plotted separately for each quadrant 
of the field. The effect of frontal le- 
sions is a significant reduction in 
speed and efficiency of search—hence 
prolonged searching times, and, in 
unilateral cases, a marked asymmetry 
of searching times, so that the search 
for objects opposite the lesion is dis- 
proportionately prolonged (Figure 
20.5). These asymmetries persist in the 
absence of any clinically obvious pa- 
resis of lateral gaze. In fact, there are 
indications that the symptom is max- 
imal whenever the patient tries to 
fixate and is less pronounced when 
the search occurs with freely moving 
gaze. It seems as if the symptom re- 
flected an overactivity of the posterior 
(preoccipital) fixation mechanism, in 
the presence of damage to areas in and 
around the so-called frontal eye fields 
(see also, Bianchi, 1895; Kennard, 
1939; Kennard & Ectors, 1938; Loeb, 
1884; Silberpfennig, 1941; Welch & 
Stuteville, 1958). 

It must be added, however, that 
some disturbance of searching can be 
found with posterior-parietal and with 
occipital lesions. We are hoping to 
show by recording the actual search- 
ents in either case that the 
posterior deficit is different in kind, 
being primarily a derangement of fixa- 
tion as such (Denny-Brown, 1951). 

The Aubert Task and Its Variants. 
A curious aftereffect of anterior-lobe 


ing movem 
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Figure 20.5 
ases (8 Controls and 8 brain- 
arching times (in secs) for each 
and upper and lower right, respec- 
tively. Cases ] and 2 had lesion of the left frontal lobe, case 3, right frontal, 
and case 4, bilateral frontal Penetration. Cases 5 through 8 had penetrating 
Parietal, and occipital regions, respectively. 
Note prolongation of searching times in the 
Particularly in the half-fields Opposite to 
Battersby, 1919. unpublished obsery 


Illustrative results of “field of search” tests in 16 « 
injured). The bar diagrams indicate total se. 
quadrant of the ficld—upper and lower left, 


wounds of rolandic, temporoparietal, 


tases of primarily frontal injury, 


their lesions. (Based on Teuber & 
ations.) 


THE RIDDLE OF FRONTAL LOBE FUNCTION IN MAN 


penetration in man is the perceptual 
dysfunction described by Mort Mish- 
kin and me, nearly 10 years ago (Teu- 
ber & Mishkin, 1954). The phenome- 
non itself is simple. When I tilt my 
head in a lighted room, the vertical 
lines between floor and ceiling do 
not tilt-they remain upright. The 
mechanism which makes this possible 
Works in the dark, but not as well. 
Tilting one's head, or head and body, 
in the dark while looking at a lumi- 
nous line (Aubert, 1861), leads to er- 
rors in attempts at setting the line to 
the vertical. With moderate body tilts 
(up to 30°) the error consists in bring- 
ing the test line too far opposite to 
one's tilt; the line will be inclined 
away from true vertical by a few de- 
grees to the left with body tilts to the 
right, and conversely with body tilts to 
the left. | 

We undertook to analyze this phe- 
nomenon by a series of experiments on 
the chance that frontal lesions might 
affect it. First we let patients and con- 
trols set a luminous line to the vertical 
while they sat upright in a chair 
(Figure 20.6, experiment 1). Then the 
same judgments were required of them 
with body and head tilted 30° to the 
left, and after that, 30° to the right 
(Figure 20.6, experiment 2). The sub- 
e were 20) of our frontal patients, 
e of those with parietal lesions, and 
<0 controls with peripheral nerve in- 
Juries (Figure 20.7). The results were 
clear: As long as head and body were 
upright (experiment 1) there were only 
very slight errors in any of the threc 
Broups, and these errors did not differ- 
entiate the patients from the controls. 
With body tilts to the left or right, 
however, the anterior lobe patients 
made exaggerated compensatory errors 
(Figure 20.8), and these errors were 
larger than those of the posterior- 
lesion cases, who in turn made larger 
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errors than the controls. We inter- 
preted this result (Teuber & Mishkin, 
1954) as an exaggeration in the effect 
of those compensatory mechanisms 
that provide normal distance percep- 
tion under conditions of changing 
posture—a reaction to visuopostural 
conflict. 

Conflict of this sort but within a 
single modality was provided by the 
next experiment (Figure 20.6, experi- 
ment 3). Here the patient was required 
to set a line to the vertical against a 
conflicting visual background, without 
body tilt. The results were, in a way, 
the reverse of those for experiment 2, 
i.e., for the visuopostural conflict situa- 
tion (Figure 20.9). Now the posterior- 
lesion group did worse than the fron- 
tals, who came closer to the controls. 
This visuovisual conflict did not suffice 
to bring out a frontal deficit. 

Finally, we asked whether purely 
postural factors, in the absence of dis- 
tance-receptor action, might account 
for our findings. Thus, we did experi- 
ment 4 (Figure 20.6, experiment 4). 
Here the patient was merely required 
to bring himself back to the postural 
vertical while blindfolded, after vary- 
ing periods of tilt on the tilting chair. 
This fourth experiment disclosed a 
moderate constant-error tendency in 
all groups: Patients as well as controls 
tended to stop short of true vertical to 
the side of a previously maintained 
body tilt. Thus, this last (fourth) ex- 
periment—just as the first of the series 
—was nondiflerential in its results, in- 
dicating that neither purely visual, nor 
purely postural factors could account 
for the abnormal reaction of the fron- 
tals on the visuopostural task. 

All four experiments can be schema- 
tized in a single figure, permitting us 
to summarize the results (Figure 20.6). 
The first and last experiments—visual 
per se and postural per se—have no 
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Visual 


Visual-postural 


Visual-visual 


Diagrams showing sequence of experiments involvin 
postural vertical, with body upright (experiments ] and 3), or 
(experiments 2 and 4). In experiment 1, 
nous line in a dark room to apparent v 
experiment 2, the same visual judgment 
posture (body tilted), hence "visuopostural conflict.’ 
is normal, but a conflicting visual background (oblic 
subject's attempts at setting a black thread to the 
ment 4, the subject is blindfolded and 1 
postural vertical, hence a purely postura] task. (Aft 


differential outcome. It should be 
noted, however, that in the acute phase 
after frontal lesions, there may be er- 
rors in the setting of the vertical with 


body upright (Bender & Jung, 1948) 
and there may als 


o be transient abnor- 


Postural 


Figure 20.6 
of visual or 
body tilted 
the subject is upright and sets a lumi- 
control. In 
itions of abnormal 
n experiment 3, posture 
1ue stripes) complicates the 
apparent vertical. In experi- 


las to bring himself back to the apparent 


er Teuber & Mishkin, 1954.) 


malities of posture which disappear in 
a matter of weeks or months (Bruns, 
1892; Delmas-Marsalat, 1936; Feucht- 
wanger, 1923; Gerstmann, 1916). The 
Second experiment (visuopostural in- 
teraction in setting the line with body 
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ET. 


Anterior 


D 0 


Posterior 


Composite diagrams show 
(frontal) and 20 with posterior (pz 
These 40 men participated in the 
Figure 20.6. (From Teuber & Mishkin, 


tilted) yields a primarily frontal sign, 
and the third experiment (here labeled 
Visuovisual, setting a thread to the ver- 
tical against a conflicting, obliquely 
Striped background) yields a posterior 
Parietal sign. The opposite results of 
these experiments provide an espe- 
cially striking case of what we have 
called “double dissociation" of symp- 
toms (Teuber, 1955). 

Incidentally, normal children do not 
show the compensatory errors made by 
adults on the tilting chair, and made 
in such exaggerated fashion by the 
adults with frontal lobe lesions. Nor 
does early brain injury in children pro- 
duce the exaggerated error tendency 


of the adult frontal lobe syndrome. In- 
differ 


stead, brain-damaged children 
from normal children matched for age 


Figure 20.7 


ing outlines of skull defects in 20 men with anterior 
arieto-occipital) missile wounds of brain. 
four experiments shown schematically in 


1954.) 


by showing less error, ie, by being 
paradoxically better on this task (Teu- 
ber & Rudel, 1962). 

A further point about the tilting 
chair experiments. They have been ex- 
tended quite recently by Florry Proc- 
tor (1961), in our laboratory, to pa- 
tients with basal ganglia pathology 
(Parkinsonism) on Dr. Irving Cooper's 
service at St. Barnabas Hospital in 
New York. These patients made the 
same exaggerated constant errors on 
setting the visual vertical while their 
body was tilted; they resembled, in 
this respect, our cases of frontal gun- 
shot wound in young adults. In addi- 
tion, however, the Parkinsonian cases 
also made markedly exaggerated er- 
rors on the purely postural task, the 
fourth experiment of the series, on 
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vertical with normal posture marked V (body 
abnormal posture (experiment 2. i.e., body 
grams marked L, and 28? to the subjects rig 
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appropriate parts of the histogr: 
& Mishkin, 1954.) 


which our traumatic frontal cases had 
not shown any abnormality. Thus, the 
sequence of experiments revealed both 
a similarity and a difference in 
between frontal trauma and 
ganglia disease. 

Lastly, we should mention that the 
results obtained by Mishkin and me 
have been subjected to yet another 
analysis. Instead of extracting the con- 
Stant (average) errors of setting, one 
can compute the so-called 
position" errors; 
disclose 


adults 
basal 


"starting- 
in this way one can 
a completely nonspecific effect 


ims, refer to 20 co 
anterior lesions (4), and 20 with posterior lesions 


Significant. differences between experiment 


ams. For further det 
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Experiment II 


Figure 20.8 


the setting of the visual 


Iving 
vertical, 


experiment 1) and with 
tilted 289 


to the subject's left—dia- 
ht—diagrams marked R). Labels 
ntrols (C), 20 men with 
(P), as shown in Figure 20.7. 
Broups are shown next to the 
ails, see text. (From Teuber 


of brain injury (Teuber 
1958). These 
are those rel 


& Liebert, 
Starting-position errors 
ated to the starting posi- 
uon of the line in any given trial. 
Thus, if the luminous line is brought 
up toward the vertical from the pa- 
uent's left, most patients tend to set it 
somewhat farther to the left than on 
those trials where the line is brought 
up toward the vertical from the pa- 
Hents right. On these latter trials the 
line is set farther to the right. By 
averaging al] trials with alternating 
Starting Positions from either side, one 


THE RIDDLE OF FRONTAL LOBE FUNCTION IN MAN 


Experiment III 


Mean absolute error, degrees of arc 


Figure 20.9 
f visual vertical in ex- 


Results of settings 0 r 
e 20.6, visual- 


periment 3 (compare Figur 
visual). The subjects attempt 
thread to the apparent vertical 
conflicting (obliquely striped) visual back- 
ground. For further details $ 
legend to Figure 20.8. 


to set a black 
against a 


ee text, and 


obliterates this particular starting-po- 
sition effect. By contrast, assessing the 
effects separately—for starting Posi- 
tions from the right and for those from 
the left—will yield two error scores 
which are greater in all braininjured 
subgroups than in the controls, yet na 
to distinguish among brain-injurec 
subgroups. 


We thus derive from one series of 


experiments both specific (localizable) 
; 

and general symptoms. depending 
the results 


merely on the way in which 
are analyzed. Starting-posi 
in this and similar situations ar 
related with performance on hid 


on effects 
are cor- 
den- 
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figure tasks (Teuber & Weinstein, 
1956), which are also done poorly by 
our brain-injured patients regardless 
of site of lesion—whether the lesions 
involve the frontal, parietal, temporal, 
or occipital lobes. These starting-posi- 
tion effects are also rather large in 
normal children, and still larger in 
brain-injured children of any age 
(Teuber & Rudel, 1962). 

Reversible Figures. In a paper on 
the use of hidden figures with chil- 
dren, Lila Ghent (1956) suggested that 
reversible figures such as the Necker 
cube or similar patterns with ambigu- 
ous perspective (Figure 20.10) might 
be considered an extreme case of hid- 
den figures. Instead of embedding a 
figure among the concealing contours 
of another, an identical set of contours 
is now seen as pertaining to one, and 
now to another perspective pattern. 
However, the perception of sudden re- 
versals in such patterns harbors an- 
other element: that of a virtual move- 
ment into depth, now this way, now 
that, and a correspondingly implicit 
shift in the observer's standpoint rela- 
tive to the three-dimensional pattern 
perceived. These considerations, to- 


Figure 20.10 
Double Necker cube, employed in study- 
ing reversals of ambiguous perspective 
(see Cohen, 1959, and Teuber, 1960). The 
ect fixates the intersection point be- 


subj 
the short horizontal bar and the 


tween 
vertical line bisecting the total figure. 
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gether with earlier work by others 
(Gelb & Goldstein, 1920; Harrower, 
1939; Yacorzynski et al., 1948; Petrie, 
1952a) made us suspect that perspec- 
tive reversals might be abnormal after 
brain lesions and maximally so with 
frontal lobe involvement. 

The systematic experiments of Leon 
Cohen in our laboratory (1959) have 
confirmed this suspicion but have gone 
beyond it by demonstrating an unex- 
pected difference between effects of 
unilateral and bilateral frontal gun- 
shot wounds. He used for his main 
series of tests a double Necker cube 
(Figure 20.10). The patient had a tap- 
ping board with two keys in front of 
him, and struck one key, to the left, 
when the left cube seemed to reverse 
itself; he struck the right key for a re- 
versal of the cube on the right, and 
both keys when the cubes seemed to 
reverse themselves together. A given 
experimental session lasted 90 sec and 
the cumulative reversals were graphed 
for the six consecutive 15-sec periods 
that made up the minute and a half 
of continuous observation, 

The normal controls showed a char- 
acteristic pattern: first, rapid accelera- 
tion of reversals, then a tapering off 
(Figure 20.11). The men wE 


ron- 
als, and those 
showed partic- 
lateral frontal- 


ure 20.11). The 
of these results, 
formance of the 
hey too differed 
, and significantly so, 
1 diff by going in the op- 
Posite direction. The bifrontal group 
showed more rapid reversals than the 
controls or any of the other brain- 


but they differed 
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injured subgroups (Figure 20.11). 
This last result was rather unexpected 
and remains unexplained. Perhaps it 
means that partial (unilateral) lesions 
promote a compensatory tendency to 
"hold" one perspective, and hence to 
slow down reversals, while bilateral 
lesions in the frontal lobe substance 
induce the abnormally rapid oscilla- 
tion. 

If we had averaged all the results 
for the frontal group, the opposite 
changes for unilateral and bilateral 
lesions would have canceled each 
other, and only the greater range of 
scores would have distinguished fron- 
tals from nonfrontals. For this reason, 
we are now reanalyzing other results 
of tests given to our frontal and non- 
frontal groups to see whether separate 
treatment of unilateral and bilateral 
lesions might disclose differences not 
found in earlier computations. 

It is, of course, possible that our bi- 
lateral frontal lesions are not equiva- 
lent (anatomically) to a combination 
of the usual unilateral gunshot 
wounds involving the frontal lobe sub- 
stance. Thus, the bilateral lesions may 
implicate less of the orbital parts of 
the lobe, or more of the medial of 
deeper structures not ordinarily in- 
volved in the unilateral penetrations. 

“Personal” Orientation Test. Sim- 
ilar considerations apply to the fourth 
and, so far, last of the tests which in 
our hands have distinguished frontal 
from nonfrontal brain injury. These 
experiments are about to be published 
in Brain by Semmes et al. (1963). The 
work is an extension of earlier pub- 
lished findings involving spatial orien- 
tation and its changes after cerebral 
gunshot wound (Semmes et al., 1955)- 
A task such as the one shown in the 
next figure (Figure 20.12) reveals a 
specific “parietal” symptom (Figure 
20.13). It was unexpected that a seem- 
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figure) over 


vation periods of 15 sec cach (O.P., along 


unilateral frontals (lowest reversal rates); 
al) 4 bilateral nonfrontals (occipitoparietal); 21 


without brain injury) and 10 men with bilateral frontal lesions 
e right side of the graph results of a replication 
hown for the same 21 controls and for 21 cases of uni- 
he left hemisphere, and for 18 cases of unilateral in- 
hemisphere. The right hemisphere group showed 
those with injuries in the left cerebral hemisphere. 


(parietal, temporal, or occipit 
controls ( 
(highest reversal rates). On th 
of the experiment are sl 
lateral involvement of t 
volvement of the right 
markedly fewer reversals than 
(From Teuber, 


ingly similar task involving orienta- 
tion to the patient's own body (Figure 
20.14) should disclose, at least in part, 
a "frontal sign." 

To turn first to the earlier "spatial 
Orientation" task: here a patient car- 
ries a series of maps, one at a time, in 
a room where nine dots are painted 
on the floor in an evenly spaced pat- 
tern. His task is to pace out on the 
floor that route which is laid out on a 


| cai — .. 
Doa ELE 


Figure 20.11 


pparent reversals of Necker cubes (shown in preceding 
a 90-sec period of continued inspection, grouped into six obser- 


abscissa). Graphs on left side: 19 
20 unilateral nonfrontal lesions 


1960, based on Cohen, 1959.) 


given map. Performance on this task is 
clearly impaired with parietal lesions, 
right, left, or bilateral, as we have de- 
scribed repeatedly elsewhere (Figure 
20.13). The poor performance on this 
route-finding test is correlated with 
two-point discrimination deficits on 
one or both hands (Weinstein et al., 
1956), again essentially in line with 
what might be expected, although it 
must be stressed that the route-finding 
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Tactual maps (contralateral hand) 


Maps used in tests of spatial orient 
injured patients and controls. Five m. 
to the hand on the same side as the I 


the number of turns required. In e 


by one from five (first map in series) to nine 
y uth m 
possible score for each series was thus 35. 


Semmes et al., 1955.) 


deficit is independent of the sense 
modality through which the maps are 
presented (visual, or tactual, as shown 
in Figure 20.12). 

We thought that a task requiring 
orientation to the body should yield 
analogous results—that is, maximal 
deficit with parietal lesions, but this 
was not so. Figure 20.14 shows the 
kind of task employed in these new 


ation (extrapersonal orientati 


ach of the three series o 
ipsilateral, and tactual contralateral), the 


Figure 20.12 


on) for brain- 


aps were presented visually, five tactually, 


he 1e brain injury, and five to the hand opposite 
the injury. In the control group, right and left h 


as contralateral. The path followed for any give 
incorrect as a whole, but the scores were multip 


and were alternately designated 
n map was scored as correct or 
lied for cach map according to 
f maps (visual, tactual 
number of turns required increased 
ap in series). The highest 
For further details, see text. (From 


tests of “personal” (instead of "ex- 


trapersonal") orientation. The patient, 
Standing upright, faced a 


series of 
schematic di 


awings of the human fig- 
ure, on which one figure represented à 
man facing the patient, the other a 
man facing away from him. Numbers 
appeared on different body parts in 
the manner shown (Figure 20.14). The 
patient's task was to touch, on his own 
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Bilaterals 


Unilaterals 
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Mean score 
Figure 20.13 
l orientation, see preceding 
ateral, or tactual 


itial orientation (extrapersona 
tation (visual, tactual ipsil 
with 17 controls, 62 brain-injured men 


Results of tests of spa 
figure), irrespective of mode of presen 
contralateral), for the groups indicated, 
(viz., 14 bilateral lesions, 21 with left, and 27 with right unilateral involvement). 
The frontal lobe was implicated in 32 of these cases (and spared in 30), the 
parietal lobe in 23 (spared in 39), the temporal lobe in 19 (spared in 43), and 
the occipital lobe in 19 (spared in 43). Note that parietal lesions produced 
differentially greater impairment on these tasks than lesions elsewhere in the 


brain. 


trouble in the left parietal region 
(Ajuriaguerra & Hécaen, 1960; Con- 
rad, 1932; Critchley, 1953; Gerstmann, 
1924, 1930; Klein, 1933; Lhermitte, 
1939: Nielsen, 1938; Zangwill, 1951). 
We did find, in fact, that the left pos- 


body, those parts that were identical 
with the parts numbered on the draw- 
ings, and he was to do so in the order 
of the numbers. 

The task is clearly an extension of 
Henry Head's well-known eye-and-ear 


tests. (1926), requiring rapid and re- 
peated shifting from front to back 
view and the accurate matching of de- 
picted body parts with parts of one's 
own body. "Traditionally, right-left 
confusion and difficulties with naming 
or finding body parts are assigned to 


terior group did poorly on this task 
(Figure 20.15), but so did the left and 
the right anterior (i.e., frontal) lesion 
groups. For the right hemisphere but 
not for the left, we thus obtained 
double dissociation of personal and 
extrapersonal orientation—orientation 
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Sample figure (one of five) from te 
1963). Each of the five di 
a man, with 
is required t 


to surrounding (extrapersonal) space 
Was more vulnerable to posterior le- 
sions, and orientation to the body was 
more vulnerable to frontal. What is 
not clear is whether the repeated re- 
versal (of a principle) per se produced 
the difficulty on this task for our fron- 
tals, or whether their main difficulty 
was more specifically related to orien- 
tation and reorientation to the body. 

If we adopt the latter interpreta- 
tion, then the four different frontal 
symptoms we have found so far— 
against the background of numerous 
negative findings in the same group of 
patients—would seem to fit together 
and so yield perhaps to a unitary inter- 
pretation. The essential alteration 
would be in some mechanism which 
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Figure 20.14 
st of personal orientation (Semmes et al., 
agrams in this test consists of a front and back view of 
à series of numbers on various body parts, as shown, 
» touch parts of his own 
on the diagram. 


The subject 


body in the order given by the numbers 


enters into proper direction of volun- 
tary gaze, on searching tasks, and into 
the proper maintenance of the per- 
ceived upright during changes of pos- 
ture. The same or some closely related 
mechanism could conceivably enter 
into the "assumptive shifts" of the 
viewer's position on inspecting figures 
with ambiguous perspective, or the re- 
quired reversals of standpoint in deal- 
ing with mirror images of the body, 
where the patient has to go repeatedly 
from the front to the back view. 


General Interpretations 


The various symptoms disclosed by 
our experiments may have to be re- 
ferred to more than one underlying 


THE RIDDLE OF FRONTAL LOBE FUNCTION IN MAN 331 


PERSONAL ORIENTATION 


7 Unilateral left ^. 


// anterior group N=) 7/7 


ht anterior group (N 


7 7 


| Unilateral rig 


ilateral anterior group (N79) 


ZIP 


—— fi — E E == i ES fi 
75 80 85 90 95 100 105 110 
Mean Z scores 


EXTRAPERSONAL ORIENTATION 


left posterior group ( 


Uda 
1 


777777777 
ral anterior gro 


LLL 


77 gg 
/ Bilateral post p<0.001 >| 
VM 
L 1 zT zi 1 1 E 
75 80 85 90 95 100 105 110 


Mean Z scores 


Figure 20.15 
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n of results (mean Z scores) of te 
; the later test was the visual 


and of extrapersonal orientation 


Comparisor 
re 20.12) on the spatial orientation task. 


ceding figures) 
subtest (top row of maps in Figu 
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change in function, but we prefer to 
pursue, for reasons of parsimony at 
least, and for the time being, a hy- 
pothesis of unitary change. As more 
information is obtained, particularly 
from cases of sufficiently limited frac- 
tional lesions of the frontal lobes, a 
pattern of symptom dissociation may 
appear which would conceivably par- 
allel the situation found in the infra- 
human primate. Nevertheless, the 
strong “family resemblance” of the 
symptoms seen in man suggests that 
we attempt to delineate a common 
trait in all the components of the syn- 
drome. 

The common trait was suggested by 
perceptual tasks involving posture and 
movement—either actual movement as 
in the visual search tests, or virtual 
movement, as in the other three tasks 
in which orientation had to be main- 
tained under conditions of changes in 
posture or perspective. It would be 
wrong, however, to identify the hypo- 
thetical common element in all our 
frontal symptoms either with control 
of movement per se, or with regula- 
tion of posture, although it is true 
that the striatum and the overlying 
frontal cortex can be considered parts 
of a "supravestibular system” (Mus- 
kens, 1934). Posture should not be Op- 
posed to movement (a point taken by 
Denny-Brown, 1962), since movement 
is always change in posture. Move- 
ment as well as posture involve antici- 
pation of change, and an organism 
has to be able, somehow, to distin- 
guish those changes in sensory input 
that result from his own, self-produced 
bodily motions, and those that result 
from actual movement in the environ- 
ment. More than half a century ago, 
von Monakow (1910) surmised that 
the frontal lobes might play a role in 

stabilizing. perception during changes 


of posture We could speculate even 
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further and propose an "outflow" the- 
ory whereby the organism operates 
upon its own inputs in such a way as 
to provide continuous distinction be- 
tween the relative motions of the en- 
vironment which result from self-pro- 
duced movement of the body, and the 
true motions of objects in the sur- 
roundings. 

We have only to look at the forced 
movements of the hyperkinetic bifron- 
tal monkey or the curious forced grasp- 
ing and groping of human frontal 
lobe disease to be impressed with the 
need for an analysis of frontal symp- 
toms which stresses the motor element. 
But it is a particular aspect of motor 
control that needs to be stressed: it is 
that aspect. which may permit us to 
give a physiologic meaning to the for- 
bidden concept of "voluntary" move- 
ment, in contrast to forced, or reflex, 
motion. 

In this view, every “voluntary” 
movement has two neural correlates: a 
stream of impulses to the effectors and 
à simultaneous "corollary discharge" 
to central receptor structures, presct- 
ting the latter for those predictable 
changes of input that will be the con- 
sequences of the particular motor out- 
put. The role of such corollary dis- 
charge can be illustrated (as we have 
done) by considering oculomotor func- 
tion and frontal eye fields, but this 
particular neural regulation of eye 
movement is here proposed as merely 
one instance of a more general form of 
sensorimotor coordination which may 
depend on the integrity of frontal 
structures and portions of the basal 
ganglia. 

Anatomical pathw 
tulated centi 


ays for such a pos- 
al discharge from motor 
to sensory elements are undoubtedly 
present. They were known nearly 60 
years ago when Probst (1903) described 
the termination of pyramidal fibers on 
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dorsal column nuclei. These direct 
connections from motor to sensory 
structures made so little sense then, 
within the framework of stimulus-re- 
sponse physiology, that they were for- 
gotten and had to be rediscovered in 
more recent studies employing macro- 
electrodes (Magni et al., 1959), or mi- 
croelectrodes (Jabbur & Towe, 1961; 
Towe & Jabbur, 1961), or more con- 
ventional histologic techniques (Bro- 
dal et al., 1956; Kuypers, 1960; Wal- 
berg, 1957). In addition, there is the 
possible role of a functional “loop” 
from frontal cortex through the cau- 
date, and various thalamic nuclei, to 
visual and sensory cortex (Buchwald 
et al., 1962). As so often happens in 
such a situation, we do not have too 
few, but too many anatomical possibil- 
ities from which to choose. 

Both the pathways and their pos- 
tulated function are admittedly con- 
jectural, but we are convinced that the 
assumption of a corollary discharge 
from anterior to posterior cerebral re- 
gions has heuristic value. Without it, 
the difficulties that cling to the frontal 
lobe syndromes may be unsurmount- 
able. With it, we may be able to re- 
introduce the concept of self-produced 
or voluntary movement, as distinct 
from automatic reactions: a voluntary 
motion is any motion that involves a 
corollary discharge from motor to sen- 
sory structures. 

Whether the view here presented is 
right or wrong, the classical analysis 
of frontal function we believe is 
doomed to failure. We have to aban- 
don traditional stimulus-response no- 
tions. It is not in the reaction to in- 
but in the prediction 
of a mecha- 
e of the fron- 
in fact be 
way of 


coming stimuli, 
of them, the presetting 
nism, that the significance 
tal structures lies. It may 
possible to relate this new 
looking at frontal structures to the 
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earlier studies by Feuchtwanger (1923) 
which we discussed at such length. 
His strange-sounding interpretations 
might be restated in our terms with- 
out doing too much violence to his 
intention. 

When he spoke of “will” and “valua- 
tion" as the sphere into which the 
crucial frontal symptoms fall, he ex- 
pressed strong preference for Ach's 
introspective accounts of will as an 
experience. Ach (1905) had said that 
will involves, subjectively, our "antic- 
ipation of the future course of events 
coupled with an awareness of the role 
of the self in bringing those events 
about.” Feuchtwanger could have said 
(but did not) that severe frontal path- 
ology often involves an uncoupling of 
these two aspects. The patient is not 
altogether devoid of capacity to antici- 
pate a course of events, but cannot pic- 
ture himself in relation to those events 
as a potential agent. 

Abnormal fixity, or abnormal oscil- 
lation of action, other-directedness, 
and impulsiveness, all could follow 
from such a change. We believe that 
the seemingly lower-level sensorimotor 
are made of the same stuff; 
Il be the condi- 
in more severe 
lysfunction, to 


symptoms 
in fact, they may we 
tions that give rise, 
forms of frontal lobe c i 
the pervasive changes in behavior. 
These serious changes may derive 
from the specific symptoms we have 
found: the inability to give up initial 
fixations on protracted search, the dif- 

ining certain percep- 


ficulty in maintai 
tual constancies with varying body 


posture, the abnormal fluctuations in 
viewpoint and perspective, and the 
curious difficulty with shifts of bodily 
orientation. The interpretation for 
which we are searching—gropingly, 
graspingly, as it were—may still elude 
us, but we believe that there may be 
continuity between (1) the oculomotor 
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manifestations (after stimulation or 
destruction of frontal eye fields), (2) 
the release of proprioceptive responses 
from their normal constraint by con- 
tact sensations, and (3) the manifold 
changes in attitude toward more com- 
plex tasks, whether set in the labora- 
tory or in everyday life. 

Is it too much to hope that the de- 
layed-response deficit, as seen in the 
bifrontal macaque, might yield to a 
similar interpretation? Perhaps it is 
too much to expect that, since it 
would be compounding a riddle with 
an enigma. Yet it might be worth 
trying. 


Discussion 


Dr. Stamm: I am glad Dr. Teuber 


brought up again the 
idea of relating frontal 
lobes to motor activity. 
And I was wondering if 
Dr. Nauta or Dr. Akert 
have some 
about the anatomical 
connections or circuits 
which may exist between 
frontal 


information 


granular cortex 
and motor systems. 


Dr. Nauta: All the structures known 


or suspected to receive 
projections from the pre- 
frontal cortex have a 
right to be called “mo- 
tor," if at least that term 
is not (as it should be) 
reserved. for the motor 
neurons proper. We must 
realize that most of the 
neural structures in the 
central 
are potential 
ascending as 
descending 


nervous system 
links in 
well as 
conduction 


pathways, and therefore 


Dr. Pribram: 


can be considered either 
motor“ or "sensory," de- 
pending on the point of 
view of the moment. Cer- 
tainly this is true for the 
cerebral cortex, even for 
that part of it referred 
to as motor cortex. Of 
course, in its general con- 
tent your question is well 
worth asking, and if I 
may rephrase it, it rcads: 
Where in the brain is the 
neural outflow of the pre- 
frontal cortex. integrated 
with the activity of other 
mechanisms involved in 
the analysis of what went 
on in the environment? I 
am afraid that it is yet 
too early to attempt an 
answer to this question. 
The prefrontal cortex ap- 
pears to have no direct or 
even oligosynaptic chan- 
nels to 


somatic motor 
neurons, and it can there- 
fore be suspected that its 
influence upon behavior 
is exerted rather “high 
up” in the brain. I know 
of no reason why the mo- 
tor cortex should not be 
considered a possible site 
of such integration, but 
so should other struc- 
tures, and again, let u$ 
not be glib in labeling 
them "motor." 


I think that misses the 
point of Dr. Teuber's 
beautiful presentation. 
He said that the feedback 
has to be to the sensory» 
not to the motor. And 
we know that all the 
"limbic" structures in the 


Dr. Teuber: 


Dr. Rosvold: 


Dr. Teuber: 
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core of the brain deal to 
a great extent with the 
activities of the receptive 
areas. So I do not expect, 
and would not want from 
the model that he pre- 
sented, any more direct 
input to the motor re- 
gions, but I would rather 
see some mechanism in 
the core system to preset 
the sensory ones. 

Is that all right with 
you? 
Fine. We share the same 
delusions, apparently. 
Did I understand you to 
say, Dr. Teuber, that we 
don’t have a unitary con- 
cept of frontal lobe func- 
tion and we are not likely 
to develop one? 
What I probably said was 
that I started out by try- 
ing to find a unitary con- 
cept, but as I moved 
along, it became rather 
clear that no single-factor 
hypothesis could carry 
one far enough to cover 
all the manifestations of 
frontal lesions. And yet 
the thing that is so tempt- 
ing to me after this sym- 
posium is to think that 
there may be a family re- 
semblance among symp- 
toms, even among those 
which seem in part dis- 
sociable. This may have 
anatomical corollaries in 
that the two parts that 
we now think of as hav- 
ing somewhat divergent 
functions, dorsal lateral 
and orbital, are not easily 
dissociated at lower lev- 


Dr. Konorski: 
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els to which they project 
or from which they re- 
ceive input; they are al- 
ways very close together. 
Any lesion, therefore, 
would tend to straddle 
the dividing line between 
them, and the symptoms 
are not that dissimilar. 
Even though Dr. Mishkin 
got some dissociation, it 
looked more like single 
dissociation rather than 
double dissociation, for 
the orbital as compared 
with the dorsal lateral 
syndrome. 


Dr. Teuber, you know I 
am in strong agreement 
with you as far as the 
value of speculation is 
concerned, therefore, I 
would like to speculate 
and propose some ex- 
planations for the four 
phenomena which you 
described in your talk. 
The first, the searching 
for the figure, could be 
explained by the notion 
of "stimulus boundness,” 
that the patient with 
frontal lobe lesion is so 
very much bound to this 
central figure that it is 
really difficult for him to 
switch to other figures, 
and hence this increased 
latency. Perhaps the fol- 
lowing experiment would 
prove illuminating as to 
the basis of the frontal's 
loss; remove the central 
model figure from the 
slide when the patient is 
required to search for 
the proper forms so that 


336 


there is no longer a 
stimulus to which he is 
bound, and his perform- 
ance might improve in 
consequence. 

As to the problem of 
your reversible figure test, 
I think that this switch- 
ing of the figure has 
something to do with eye 
movements and with 
functions of area 8, in 
other words inability or 
decreased ability for the 
"visual grasping" of an 
object, instead. they 
switch from one object to 
the other in a nystagmi- 
form manner. 

As to the fourth test, 
namely, bodily disorien- 
tation with respect to the 
mirror image, I think 
that this is a very compli- 
cated task, difficult to 
deal with even for nor- 
mals. Perhaps the diffi- 
culty in performing this 
task has to do with in- 
flexibility, or difficulty in 
shifting. The same proc- 
ess was named differently 
by different. participants 
of this symposium. Cer- 
tainly, this is the sort of 
task which requires flexi- 
bility. 

And now the third 
test! I think that you 
worked so much on it 
that I do not dare to offer 
a comment. 

(Laughter) 

You have certainly ex- 
hausted the stock of avail- 
able explanations for this 


one. 
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Dr. Teuber: 


I think I could agree 
with you on every point, 
except perhaps the ques- 
tion of the role of overt 
eye movements, but with 
the important qualifica- 
tion that all these terms 
are purely descriptive of 
the disability we see in 
frontal cases, such as in- 
ability to shift, inflexi- 
bility, rigidity, hyperfix- 
ation, merely referring to 
capacity or lack of it. I 
am groping, and that is 
all I am doing, for a de- 
scription in terms of 
process. I think the de- 
scription in terms of ca- 
pacity is almost a faculty 
description, you see. It is 
a good shorthand to 
designate the symptom, 
but no more. I would like 
to go beyond this, to 
identify the underlying 
functional change. I am 
very much aware of the 
fact that I haven't got 
there, but I would like 
to try. 

To go back quickly, I 
think it is quite apparent 
we must now reexamine 
the field-of-search test, 
under two conditions: 
(1) with fixation main- 
tained, and (2) while per- 
mitting the patient's gaze 
to roam freely over the 
array; this should be 
done in order to see 
whether he is perhaps 
paradoxically improved 
by such a permission not 
to fixate. Also, I think 
we should record the 
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complete search process, 
because there may be 
very peculiar kinds of 
search going on in these 
people. 

Dr. Konorski raised the 
question of abnormal eye 
movement as a basis for 
the abnormal response to 
reversible figures. How- 
ever, abnormalities of 
overt eye movements 
have been ruled out 
fairly effectively, at least 
insofar as they could be 
the direct cause of these 
shifts. Recordings of eye 
movements during pro- 
longed inspection of such 
reversible cubes do not 
suggest that the eye move- 
ments in any way precede 
a given shift. Sometimes 
there is a flick after a 


shift, but not before. As 
I said, the basic trouble 
may lie in diminished ca- 
pacity for presetting the 
sensory systems, in an- 
ticipation of reafferent 
changes consequent upon 
motion. In that sense, the 
trouble involves the ocu- 
lomotor system, but it 
does so on a central level. 

It is still possible that 
the personal orientation 
test may be reflecting 
analogous central difficul- 
ties with reversal of set. 
It may be of some com- 
fort to Dr. Milner to 
know that we do have a 
strong positive correla- 
tion between poor per- 
formance on this task 
and failure on the Wis- 
consin Card Sorting Test. 
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PART FIVE 


Perhaps the most central question in psychology is “What are 
the determinants of human behavior?” One of Freud's outstanding con- 
tributions was his emphasis on the importance of factors of which in- 
dividuals may not be aware or conscious. The first selection in this 
group gives some of Freud's comments on slips of the tongue. The second 
article is concerned with a vital problem for society: providing children 
with a fruitful and productive experience in school. Hamblin and his 
co-authors have studied the effects of simple “contingencies of reinforce- 
ment" on constructive and disruptive classroom behavior. The results 
are most convincing. Next, Goldiamond discusses some simple proce- 
dures which have been used to enhance self-control—an area of immense 
interest which psychologists have been wont to overlook. And the final 
selection in this group, by B. F. Skinner, continues that important dis- 
cussion. It has been argued that people are singularly incompetent at 
describing the causative agents responsible for their own behavior. As 
you read these papers, try to decide whether you agree with this view- 


point. 
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Many of Freud’s contributions to our understanding of human 
behavior give us insights into the complex nature of human motivation. 
In the selection that follows, three discrete levels of motivation are dis- 


cussed. 


1) Conscious motivation overtly expressed: the situation in which a per- 
son understands his own purposes and publicly expresses them. 

2) Conscious motivation without public expression: the situation in which 
a person is perfectly aware of why he is doing something or what he is 
thinking but keeps this awareness to himself. 

3) Unconscious motivation: the situation in which a person acts without 

awareness of the wellsprings of his action. 


We can see all three kinds of motivation in various parts of the section 
which follows. Here, Freud concentrated his attention on slips of the 
tongue, those innocuous little verbal errors which reveal an underlying 
motivation pattern a) of which we were totally unaware or b) of which 
we were aware but which we wished to keep secret or c) of which we 
were aware but which seemed totally irrelevant to the present discussion. 
All three of these kinds of intrusions appear in various of the slips of 
the tongue discussed below. By looking at the section as a whole, we 
can see some striking evidence of the complex nature of the determinants 
of human speech. 

This excerpt is taken from Freud's fascinating and highly readable 
book Psychopathology of Everyday Life. If you enjoy this fragment, you 
will surely like the whole book. 
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CONTROL OF HUMAN BEHAVIOR 


SLIPS OF THE TONGUE 


S. Freud 


* A slip of the tongue [occurred] in 
the case of another woman patient, 
whose memory failed her in the mid- 
dle of reproducing a long-lost recollec- 
tion of childhood. Her memory would 
not tell her what part of her body had 
been grasped by a prying and lascivi- 
ous hand. Immediately afterwards she 
called on a friend with whom she dis- 
cussed summer residences. When she 
was asked where her cottage at M. was 
situated she answered: ‘on the Berg- 
lende [hill-thigh]' instead of Berglehne 
[hill-side]. 

* At a certain point in the analysis 
of another woman patient I had to tell 
her that I suspected her of having 
been ashamed of her family during 
the period we were just then con- 
cerned with, and of having reproached 
her father with something we did not 
yet know about. She remembered 
nothing of the kind and moreover de- 
clared it was unlikely. However, she 
continued the conversation with some 
remarks about her family: ‘One thing 
must be granted them: they are cer- 
tainly unusual people, they all possess 
Geiz [greed]-I meant to say “Geist 


Reprinted from The Psychopathology of 
Everyday Life by Sigmund Freud. Translated 
from the German by Alan Tyson. Edited 
with an introduction and additional notes by 
James Strachey. By permission of W. W. Nor- 
ton & Co., Inc., and Ernest Benn Ltd. Edi- 
torial matter Copyright © 1960, 1965 by 
James Strachey. Translation Copyright © 
1960 by Alan Tyson. 


[cleverness]".' And this was in fact the 
reproach which she had repressed from 
her memory. It is a frequent occur- 
rence for the idea one wants to with- 
hold to be precisely the one which 
forces its way through in the form of 
a slip of the tongue. 

: SA young man said to his sister: 
Ive completely fallen out with the 
D.'s now. We're not on speaking terms 
any longer.’ ‘Yes indeed!’ she answered, 
they're a fine Lippschaft She meant 
to say ‘Sippschaft [lot, crew]', but in 
the slip she compressed two ideas: viz. 
that her brother had himself once be- 
gun a flirtation with the daughter of 
this family, and that this daughter was 
said to have recently become involved 
in a serious and irregular Liebschaft 
[love-affair]. 

* À young man addressed a lady in 
the street in the following words: ‘If 
you will permit me, madam, I should 
like to “begleit-digen” you.’ It was ob- 
vious what his thoughts were: he 
would like to ‘begleiten [accompany] 
her, but was afraid his offer would ‘be- 
leidigen [insult] her. That these two 
conflicting emotional impulses found 
expression in one word—in the slip of 
the tongue, in fact—indicates that the 
young man’s real intentions were at 
any rate not of the purest, and were 
bound to seem, even to himself, insult- 
ing to the lady. But while he at- 
tempted to conceal this from her, his 
unconscious played a trick on him by 


betraying his real intentions. But on 
the other hand he in this way, as it 
were, anticipated the lady's conven- 
tional retort: ‘Really! What do you 
take me for? How dare you insult me!’ 
(Reported by O. Rank.) 

I will next quote a number of ex- 
amples from an article by Stekel, en- 
titled ‘Unconscious Admissions’, in 
the Berliner Tageblatt of January 4, 
1904. 

* 'An unpleasant part of my uncon- 
scious thoughts is disclosed by the fol- 
lowing example. I may start by stating 
that in my capacity as a doctor ] never 
consider my remuneration but only 
have the patient's interest in mind: 
that goes without saying. 1 was with a 
woman patient to whom I was giving 
medical attention in a period of con- 
valescence after a serious illn We 
had been through hard days and 
nights together. I was happy to find 
her improved; I painted a picture for 
her benefit of the delights of a stay in 
Abbazia, and concluded by saying: “If, 
as I hope, you will not leave your bed 
soon, ” This obviously owed its 
origin to an egoistic motive in the un- 
conscious, namely that I should be 
able to continue treating this well-to- 
do patient some time longer—a wish 
that is entirely foreign to my waking 
consciousness and which I would in- 
dignantly repudiate.’ 

101 ^ iv ipit example from Ste- 

was engaging a French 
governess for the afternoons, and after 
agreement had been reached on the 
terms, wanted to retain her testimo- 
nials. The Frenchwoman asked to be 
allowed to keep them, giving as her 
reason Je cherche encore pour les 
après-midis, pardon, pour les avant- 
midis [I am still looking for work in 
the afternoons—I mean, in the fore- 
noons]. She obviously had the inten- 
tion of looking round elsewhere and 
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perhaps finding better terms—an in- 
tention which she in fact carried out.’ 

* From Stekel: ‘I had to give a stiff 
lecture to a wife; and her husband, at 
whose request I did it, stood outside 
the door listening. At the end of my 
sermon, which had made a visible im- 
pression, I said: “Good-bye, sir.” To 
any well-informed person 1 was thus 
ng the fact that my words were 
addressed to the husband and that I 
had spoken them for his benefit.’ 

* Stekel reports of himself that at 
one time he had two patients from Tri- 
este in treatment whom he always used 
to address the wrong way round. 'Good 
morning, Herr Peloni', he would say 
to Askoli, and 'Good morning, Herr 
Askoli' to Peloni. He was at first in- 
clined not to attribute any deeper mo- 
tive to this confusion but to explain it 
as being due to the numerous points 
of resemblance between the two gen- 
tlemen. However it was easy for him 
to convince himself that the inter- 
changing of the names corresponded 
in this case to a kind of boastfulness: 
he was able in this way to let each of 
his Italian patients know that he was 
not the only visitor from Trieste who 
had come to Vienna in search of his 
medical advice. 

* Stekel reports that during a stormy 
General Meeting he said: ‘We shall 
now streiten [quarrel] (instead of 
‘schreiten [proceed] ‘to point four on 
the agenda.’ 

* A professor declared in his inaugu- 
ral lecture: ‘I am not geneigt [in- 
clined] (instead of ‘geeignet [quali- 
fied]) ‘to describe the services of my 
most esteemed predecessor.’ 


* Occasionally a slip of the tongue 
takes the place of a detailed character- 
ization. A young woman who wore the 
breeches in her home told me that her 
sick husband had been to the doctor 
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to ask what diet he ought to follow 
for his health. The doctor, however, 
had said that a special diet was not im- 
portant. She added: 'He can eat and 
drink what J want. 

The following two examples by 
Reik (1915) have their origin in situa- 
tions where slips of the tongue occur 
especially easily—situations in which 
more must be kept back than can be 
said. : 

A gentleman was offering his 
condolences to a young lady whose 
husband had recently died, and he in- 
tended to add: 'You will find consola- 
tion in devoting [widmen] yourself en- 
tirely to your children.' Instead he said 
‘widwen’. The suppressed thought re- 
ferred to consolation of another kind: 
a young and pretty widow [Witwe] 
will soon enjoy fresh sexual pleasures. 

* At an evening party the same gen- 
tleman was having a conversation with 
the same lady about the extensive 
preparations being made in Berlin for 
Easter, and asked: 'Have you seen to- 
day's display Auslage] at Wertheim's? 
The place is completely decollated ^ 
He had not dared to express his ad- 
miration for the beautiful lady's dé- 
colletage, while the word ‘Auslage’ 
[display'] was used unconsciously in 
two senses. 

The same condition applies to 
other case, observed by Dr. H 
Sachs, of which he h 
exhaustive account: 

A lady was telling me about 
mon acquaintance. The ] 

saw him, he was, she 
dressed as ever: in 
wearing strikingly 
Halbschuhe [low 
where she had m 
"He rang at the 
I saw him thro 
were down. But 
or give any otl 


an- 
anns 
as tried to give an 


a com- 
ast time she 
said, as elegantly 
particular he was 
beautiful brown 
shoes]. When | asked 
net him she replied: 
door of my house and 
ugh the blinds, which 
I didn't open the door 
ner sign of life, 


didn't want him to know I was already 
back in town." While I was listening 
to her I had an idea that she was con- 
cealing something from me, most prob- 
ably the fact that her reason for not 
opening the door was that she was not 
alone and not properly dressed to re- 
ceive visitors; and I asked her some- 
what ironically: “So you were able to 
admire his Hausschuhe [house shoes] 
—Halbschuhe [low shoes], mean 
through the blinds when they were 
drawn?” In Hausschuhe | was giving 
expression to the thought of her Haus- 
kleid [lit. house dress, i.e. négligée] 
which I had refrained from uttering. 
There was on the other hand a temp- 
tation to get rid of the word “Halb 
[half]" for the reason that it was pre- 
cisely this word which contained the 
core of the forbidden answer: “You 
are only telling me half the truth and 
are hiding the fact that you were half 
dressed." The slip of the tongue was 
encouraged by the addition 


al circum- 
stance that we had be 


en talking di- 


rectly before about this particular 
gentleman's married life, about his 
háuslich 


[domestic] happiness; 


this no 
doubt helped to 


determine the dis- 
placement [of "Haus"] on to him. Fi- 
nally, I must confess that env 
part may perhaps have contri 
my placing 
the street in 


y on my 
buted to 
this elegant gentleman in 
house shoes; only recently 
I myself bought a pair of brown low 
shoes, which are certainly not “strik- 
ingly beautiful” any longer,’ 

Times of war like the present pro- 
duce numerous slips of the tongue 


which there is not much difficulty in 
understanding, j 

* What regiment is your son with?’ 
a lady was asked. She replied: ‘With 
the 42nd Murderers’ [Mörder —in- 
stead of 'Mórser', Mortars']. 


* Here is a quite especially instruc- 
uve slip of the tongue which I should 


not like to omit, although according to 
my authority it is some twenty years 
old. ʻA lady once advanced the follow- 
ing opinion at a social gathering—and 
the words show that they were uttered 
with fervour and under the pressure 
of a host of secret impulses: “Yes, a 
woman must be pretty if she is to 
please men. A man is much better off; 
as long as he has his five straight [[ünf 
gerade] limbs he needs nothing more!“ 
This example allows us a good view 
of the intimate mechanism of a slip 
of the tongue that results from con- 
densation or from a contamination. It 
is plausible to suppose that we have 
here a fusion of two turns of phrase 
with similar meanings: 


as long as he has his four straight limbs 
as long as he has his five wits about 
him. 


55 the element straight ['geradce'] may 
lave been common to two intended 
expressions which ran: 


as long as he has his four straight limbs 
to treat all frve(s) as even numbers! 


There is nothing in fact to prevent 
us from assuming that both turns of 
phrase, the one about his five wits and 
the one about ‘the even number five’, 
played their separate parts in causing 
first a number, and then the mysteri- 
ous five instead of the simple four, to 
be introduced into the sentence deal- 


l[Alle fünf gerade sein lassen.’ The Ger- 
man ‘gerade’ means both ‘straight’ and ‘even’. 
The meaning of the phrase, literally trans- 
lated in the text, is: 
Irregularities.’] 


“To close one’s eyes to 
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ing with the straight limbs. But this 
fusion would certainly not have come 
about if, in the form that appeared in 
the slip of the tongue, it had not had 
a good meaning of its own—one ex- 
pressing a cynical truth which could 
not of course be admitted to undis- 
guised, coming as it did from a woman. 
—Finally we should not omit to draw 
attention to the fact that the lady's re- 
mark, as worded, could pass just as 
well for a capital joke as for an amus- 
ing slip of the tongue. It is simply a 
question. of whether she spoke the 
words with a conscious or an uncon- 
scious intention. In our case the way 
the speaker behaved certainly ruled 
out any notion of conscious intention 
and excluded the idea of its being a 
joke.’ 

* At this point I insert another slip 
of the tongue which it needs little skill 
to interpret. ‘In an anatomy lesson the 
professor was endeavouring to explain 
the nasal cavities, which are notori- 
ously a very difficult department of 
enterology. When he asked whether 
his audience had understood his pres- 
entation of the subject, he received a 
general reply in the affirmative. There- 
upon the professor, who was known 
for his high opinion of himself, com- 
mented: ‘I can hardly believe that, 
since, even in Vienna with its millions 
of inhabitants, those who understand 
the nasal cavities can be counted on 
one finger, 1 mean on the fingers of 
one hand.’ 

* On another occasion the same pro- 


fessor said: ‘In the case of the female 
genitals, in spite of many Versuch- 
ungen [temptations]-1 beg your par 
don, Versuche [experiments] E us 


This article, written by 
describes the use of what psycholo; 
techniques. The basic 


a group of sociologists and educators, 
gists refer to as “behavior modification” 
assumption on which these techni 
is so simple as to appear almost laughable: 
you wish to occur and make sure that you don't reward a behavior which 
you wish to eliminate. Simple as this injunction appears, it is far less 
simple to apply it effectively. To do so y 
criteria to determine when bi 
you must know precisely wh 
are working with. 

Basically, the authors are concerned with how you get ‘ 
dren to learn. Starting with the simple 
outlined in far greater detail in the article, the authors have demon- 
strated remarkable progress. You may wish to note the following points 
which are amplified in the paper: 

1. Children respond to the contingencies which are i 
conditions under which they obtain rewards. Children d 
the wishes of adults. With the best intentions in the w 
inadvertently reinforce or reward the very behavior which they are trying 
to suppress. Severa] examples of this sort are described below. 

2. In the experiment on hyperaggressive children, note 
did not try simply to elimina 


te aggression. 
to do so they must also provide a nev 
child. Thus 


» at the same time they were 
they tried to divert the child's activities 
reinforcing him for his Cooperation. Either half of this program might 
have failed in isolation but the two halves together—rewarding coopera- 
tion while ignoring aggression—did have a remarkable effect, 

3. Note that at no point in the experiments described w 
erate punishment used except for withholding a reward. 

4. Note that for the ver Y aggressive children even bei 
appeared to be a reinforcer. That is, although they 
token, the fact that the teacher appro 
them apparently was attractive enougt 


ques are founded 
reward the behavior which 


ou must have completely clear 
ehavior of various kinds is occurring and 
at constitutes a reward for the people you 


'problem" chil- 


approach mentioned above, and 


n effect—i.e., the 
9 not respond to 
orld, many adults 


that the authors 
They recognized that in order 
v non-aggressive activity for the 
trying to eliminate aggression, 
ina Constructive direction by 


as any delib- 


ng fined a token 
were losing a desirable 
ached them and interacted with 
1 to overcome the aversive com- 
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ponent of losing the token. Here is another example of a case in which 
the intention of the adult to punish behavior (by means of a fine) was 
thwarted because the reinforcer used turned out to be a reward rather 
than an aversive consequence. 

5. In the studies on cooperation, we can expect that the results might 
have been even more impressive if the experimenters had shifted to a 
schedule of partial reinforcement of cooperative responding, i.e., if they 
had only reinforced occasional cooperative responses rather than rein- 
forcing every one. 

6. Note in the experiment, results of which are presented in Figure 6, 
that after the token reinforcements were removed late in the series, the 
children continued to talk almost as much as with reinforcement. This 
information is of vital importance since it means that after the thera- 
peutic sessions were completed the normal rewards for talking, available 
to everyone, were sufficient to maintain talking in those children who, 
before, rarely spoke to strangers. Such a situation means that the treat- 
ment is in a real sense a therapy since it can be applied until the cure 
is affected and then removed, leaving the child in a "healthier" state. 

Do not be misled by the remarkably simple notion underlying this 
article. Simple as the basic idea appears, and obvious though it may have 
andmother and ours, it is nonetheless extraordinarily 


been to your g 
potent and surprisingly difficult to implement effectively. 


CHANGING THE GAME FROM 
"GET THE TEACHER" TO "LEARN" 


Robert L. Hamblin I David Buckholdt / Donald Bushell | 
Desmond Ellis / Daniel Ferritor 


or who are “too 


Almost any educator of experience 
will assure you that it is next to im- 
possible—and often actually impossible 
to teach normal classroom subjects 
to children who have extreme be- 
Reprinted with permission from Trans-ac- 


dion, 6, 1969, pp. 20-31. Copyright © 1969 
Y Trans- action magazine, St. Louis, Missouri. 


havior problems, 


" i " d i a 
young.” Yet at four experimental 


classrooms of the Central Midwestern 
Regional Educational Laboratories 
(CEMREL), we have been bringing 
about striking changes in the behavior 
and learning progress of just such 


children. 
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In the 18 months of using new ex- 
change systems and working with dif- 
ferent types of problem children, we 
have seen these results: 

m Extraordinarily aggressive boys, 
who had not previously responded to 
therapy, have been tamed. 

m Two-year-olds have learned to read 
about as fast and as well as their 5- 
year-old classmates. 

m Four ghetto children, too shy, too 
withdrawn to talk, have become better 
than average talkers. 

m Several autistic children, who were 
either mute or could only parrot 
sounds, have developed functional 
speech, have lost their bizarre and dis- 
ruptive behavior patterns, and their 
relationships with parents and other 
children have improved. All of these 
children are on the road to normality, 

Our system is deceptively simple. 
Superficially, in fact, it may not even 
seem new—though, in detail, it has 
never been tried in prec isely this form 
in the classroom before. In essence, we 
simply reinforce “good” behavior and 
nonpunitively discourage “baq” be- 
havior. We structure a social exchange 
so that as the child progresses, we re- 
inforce this behavior—give him some- 
thing that he values, something that 
shows our approval. Therefore, he be- 
comes strongly motivated to continue 
his progress. To terminate bizarre, dis- 
ruptive or explosive patterns, we stop 
whatever has been reinforcing that un- 
desirable behavior—actions Or atten- 

tion that teachers or parents have un- 
wittingly been giving him in exchange, 
often in the belief that they were pun- 
ishing and thus discouraging him. 
Study after study has shown that 
whenever a child persists in behaving 
badly, some adult has, perhaps inad- 
vertently, been rewarding him for it. 
“Socialization” is the term that so- 


ciologists use to describe the process of 
transforming babies—who can do little 
but cry, eat, and sleep—into adults 
who can communicate and function 
rather effectively in their society. So- 
cialization varies from culture to cul- 
ture, and, while it is going on all 
around us, we are seldom aware of it. 
But when normal socialization breaks 
down, “problems” occur—autism, non- 
verbal or hyperaggressive behavior, re- 
tardation, delinquency, crime, and so 
on. 

The authors, after years of often in- 
teresting but by and large frustrating 
research, realized that the more com- 
mon theories of child development 
(Freudian, neo-Freudian, the develop- 
mental theories of Gesell and Piaget, 
and a number of others) simply do not 
satisfactorily explain the socialization 
process in children. Consequently in 
desperation we began to move toward 
the learning theories and then toward 
the related exchange theories of social 
structure. Since then, working with 
problem children, our view has grad- 
ually been amplified and refined. E 
experimental classroom has g 
a different looking glass, 
can see the child in diffe 
tions, and can 


ach 
iven us 
In each we 
rent condi- 
alter the conditions 
which hinder his socialization into a 
civilized, productive adult cap 
happiness, 

By the time the 
most children lov 
another, 


able of 


y become students, 
e to play with one 
to do art Work, to cut and 
paste, to play with Playdoh, to climb 
and swing on the playground, and so 
on. Most pre-schools also serve juice 
and cookie snacks, and some have tele- 
vision sets or movies. There is, conse- 
quently, no dearth of prizes for us to 
reward the children for good behavior. 
The problem is not in finding rein- 
forcers, but in Managing them. 
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The Basic System: 
Token Exchange 


One of the simpler and most effec- 
tive ways, we found, was to develop a 
token-exchange system. The tokens we 
use are plastic discs that children can 
earn. A child who completes his arith- 
metic or reading may earn a dozen to- 
kens, given one by one as he proceeds 
through the lessons. And at the end of 
the lesson period comes the reward. 

Often it is a movie. The price varies. 
For four tokens, a student can watch 
while sitting on the floor; for eight, he 
Bets a chair; for 12, he can watch while 
Sitting on the table. Perhaps the view 
is better from the table anyway, the 
children almost always buy it if they 
have enough tokens. But if they daw- 
dled so much that they earned fewer 
than four, they are “timed out” into 
the hall while the others see the movie. 
Throughout the morning, therefore, 
the children earn, then spend, then 
earn, then spend. 

This token-exchange system is very 
powerful. It can create beneficial 
changes in a child's behavior, his emo- 
tional reactions, and ultimately even 
his approach to life. But it is not easy 
to set up, nor simple to maintain. 

At _the beginning the tokens are 
meaningless to the children; so to 
make them meaningful, we pair them 
with M&M candies, or something sim- 
ilar. As the child engages in the de- 
sired behavior (or a reasonable fac- 
simile), the teacher gives him a 

Thank you,” an M&M, and a token. 
At first the children are motivated by 
hikes oe md INE te be urged to 
Dade 1e to ens; but then they 
a 1 5 a can. pe used to 
SS ie movie, Playdoh, 
or other good things. The teacher tells 
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them the price and asks them to count 
out the tokens. Increasingly, the 
teacher "forgets" the M&Ms. In two or 
three days the children get no candy, 
just the approval and the tokens. By 
then, they have learned. 

There are problems in maintain- 
ing a token exchange. Children be- 
come disinterested in certain rein- 
forcers if they are used too frequently, 
and therefore in the tokens that buy 
them. For instance, young children 
will work very hard to save up tokens 
to play with Playdoh once a weck; if 
they are offered Playdoh every day, 
the charm quickly fades. Some activi- 
ties—snacks, movies, walks outdoors— 
are powerful enough to be used every 
day. 

As noted, the children we worked 
with had different behavior problems, 
reflecting various kinds of breakdowns 
in the socialization process. Each ex- 
periment we conducted concentrated 
on a particular type of maladjustment 
or a particular group of maladjusted 
children to see how a properly struc- 
tured exchange system might help 
them. Let us look at each experiment, 
to see how each problem was affected. 


Aggression 


Unfortunately, our world reinforces 
and rewards aggressive behavior. Some 
cultures and some families are open 
and brazen about it—they systemati- 
cally and consciously teach their 
young that it is desirable, and even 
virtuous, to attack certain other indi- 
viduals or groups. The child who can 
beat up the other kids on the play- 
ground is sometimes respected by his 
peers, and perhaps by his parents: the 
soldier achieves glory in combat. The 
the booty, or the bargaining 


status, ing 
ome to the aggressor 


advantages that c 
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can become reinforcement to continue 
and escalate his aggressions. 

In more civilized cultures the young 
are taught not to use aggression, and 
we try to substitute less harmful pat- 
terns. But even so, aggression is some- 
times reinforced unintentionally—and 
the consequences, predictably, are the 
same as if the teaching was deliberate. 

In the long run civilized cultures 
are not kind to hyperaggressive chil- 
dren. A recent survey in England, for 
instance, found that the great ma- 
jority of teachers felt that aggressive 
behavior by students disturbed more 
classrooms than anything else and 
caused the most anxiety among 

teachers. At least partly as a result, 
the dropout rates for the hyperag- 
gressives was 21% times as great as for 
“normals,” and disproportionate num- 
bers of hyperaggressives turned up in 
mental clinics. 

The traditional treatment for ag- 
gressive juveniles is punishment—often 
harsh punishment. This is not only of 
dubious moral value, but generally it 
does not work. 

We took seriously—perhaps for the 
first time—the theory that aggression 
is a type of exchange behavior. Boys 
become aggressive because they get 
something for it; they continue to be 
aggressive because the rewards 
tinuing. To change an a 


are con- 
ggressive pat- 
tern in our experimental class at 
Washington University, therefore, we 
had to restructure appropriately the 
exchange system in which the boys 
were involved. 

As subjects we (Ellis and Hamblin) 
found five extraordinarily aggressive 
4-year-old boys, all referred to us by 
local psychiatrists and social workers 
who had been able to do very little 
with them. Next, we hired a trained 
teacher. We told her about the boys 
and the general nature of the experi- 


ment—then gave her her head. That is, 
she was allowed to use her previous 
training during the first. period—and 
this would provide a baseline com- 
parison with what followed after. We 
hoped she would act like the "typical 
teacher." We suspect that she did. 


Let's Play “Get the Teacher" 


The teacher was, variously, a strict 
disciplinarian, wise counselor, clever 
arbitrator, and sweet peacemaker. 
Each role failed miserably. After the 
eighth day, the average of the children 
was 150 sequences of aggression per 
day! Here is what a mere four minutes 
of those sequences were like: 


Mike, John, and Dan are seated. to- 
gether playing with pieces of Playdoh. 
Barry, some distance from the others, 
is seated and also is playing with Play- 
doh. The children, except Barry, 4 
talking about what they are making. 
Time is 9:10 A.M. Miss Sally, the 
teacher, turns toward the children and 
says, "It's time for a lesson, P 


ire 


ut your 
" Mike says, "Not me." 
! Not me." Dan says, "Not 
mc." Miss Sally moves toward Mike. 
Mike throws some Playdoh in Miss 
Sally's face. Miss Sally jerks back, then 
moves forward rapidly and snatches 
Playdoh from Mike. Puts PI 
her pocket. Mike screams for 
says he 


aydoh in 
Playdoh, 
wants to play with it. Mike 
moves toward Miss Sally and attempts 
to snatch the Playdoh from Miss Sally's 
pocket. Miss Sally pushes him away. 
Mike kicks Miss sally on the leg. Kicks 
her again, and demands the return of 
his Playdoh. Kicks Miss Sally again. 
Picks up a small steel chair and 
it at Miss Sally. 
of the 
chair 


and throws 
Miss Sally jumps out 
Mike picks up another 
throws it more violently. 
Miss Sally cannot move in time. Chair 
strikes her foot. Miss Sally pushes Mike 
down on the floor Mike starts up. Pulls 


way. 
and 
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over one chair. Now another, another. 
Stops a moment. Miss Sally is picking 
up chairs, Mike looks at Miss Sally. 
Miss Sally moves toward Mike. Mike 
runs away. 

John wants his Playdoh. Miss Sally 
says “No.” He joins Mike in pulling 
over chairs and attempts to grab Play- 
doh from Miss Sallys pocket. Miss 
Sally pushes him away roughly. John is 
screaming that he wants to play with 
his Playdoh. Moves toward phono- 
graph. Pulls it off the table: lets it 
crash onto the floor. Mike has his coat 
on. Says he is going home. Miss Sally 
asks Dan to bolt the door. Dan gets to 
the door at the same time as Mike. 
Mike hits Dan in the face. Dan's nose 
is bleeding. Miss Sally walks over to 
Dan, turns to the others, and says that 
she is taking Dan to the washroom and 
that while she is away, they may play 
with the Playdoh. Returns Playdoh 
from pocket to Mike and John. Time: 
9:14 A.M. 


: Wild? Very. These were barbarous 
little boys who enjoyed battle. Miss 
Sally did her best but they were just 
more clever than she, and they always 
won. Whether Miss Sally wanted to or 
not, they could always drag her into 
the fray, and just go at it harder and 
harder until she capitulated. She was 
finally driven to their level, trading 
i kick for a kick and a spit in the face 
or a spit in the face. 
s What Miss Sally did not realize is 
hat she had inadvertently structured 
an exchange where she consistently 
reinforced aggression. First, as noted, 
whenever she fought with them, she 
always lost. Second, more subtly, she 
reinforced their aggressive pattern by 
giving it serious attention—by looking, 
talking, scolding, cajoling, becoming 
angry, even striking back. These boys 
were playing a teasing game called 
Get the Teacher.” The more she 
showed that she was bothered by their 
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e better they liked it, and 


behavior, th: 
nt. 


the further they we s 
These interpretations may seem far. 


fetched, but they are borne out dra- 
matically by what happened later. On 
the twelfth day we changed the con- 
ditions, beginning with Bl (see Fig- 
ure D). First, WÈ Set UP the usual token 
exchange to reinforce cooperative be- 
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havior. This was to develop or 
strengthen behavior that would re- 
place aggression. Any strong pattern 
of behavior serves some function for 
the individual, so the first step in 
getting rid of a strong, disruptive pat- 
tern is substituting another one that 
is more useful and causes fewer prob- 
lems. Not only therapy, but simple 
humanity dictates this. 

First, the teacher had to be in- 
structed in how not to reinforce ag- 
gression. Contrary to all her experi- 
ence, she was asked to turn her back 
on the aggressor, and at the same time 
to reinforce others' cooperation with 
tokens. Once we were able to coach 
her and give her immediate feedback 
over a wireless-communication system, 
she structured the exchanges almost 
perfectly. The data in Figures 1 and 
2 show the crucial changes: a gradual 


180 M BS 


Aggressive Responses 
E 


Figure 1 
Frequency of aggressive sequences by days 
for five 4-year-old boys. In Al, A2 and 
A8 the teacher attempted to punish ag 
gression but inadvertently reinforced it 
In Bl, B2 and B3 she turned her back or 
otherwise ignored aggression and thus did 
not reinforce it. 


increase in cooperation—from about 
56 to about 115 sequences per day, and 
a corresponding decrease in aggres— 
sion from 150 to about 60 sequences! 

These results should have been satis- 
factory, but we were new at this kind 
of experimentation, and nervous. We 
wanted to reduce the frequency of 
aggression to a "normal" level, to 
about 15 sequences a day. So we re- 
structured the exchange system and 
thus launched A2, 

In A2, we simply made sure that ag- 
gression would always be punished. 
The teacher was told to charge tokens 
for any aggression. 

To our surprise, the frequency. of 
cooperation remained stable, about 
115 sequences per day; but aggression 
increased to about 110 sequences per 
day! Evidently the boys were still play- 
ing "Get the Teacher," 


and the fines 


Figure 2 
Cooperative sequences. In 
Al, A2 and A3 the te, 
weak approval exch 
and a 


Frequency of 


acher structured a 
ange for cooperation 
disapproval exchange for nonco- 
operation. In BI. A2, B2 B3, she 


structured a token exchange for coopera- 
tion. 


and 
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were enough reinforcement to increase 
aggression. 

So, instead of fining the children, 
the teacher was again told to ignore 
aggression by turning her back and 
giving attention and tokens only for 
cooperation. The frequency of aggres- 
sion went down to a near "normal" 
level, about 16 sequences per day (B2), 
and cooperation increased to about 
140 sequences. 

Then, as originally planned, the 
conditions were again reversed. The 
boys were given enough tokens at the 
beginning of the morning to buy their 
usual supply of movies, toys. and 
snacks, and these were not used as 
reinforcers. The teacher was told to 
do the best she could. She was not in- 
structed to return to her old pattern, 
but without the tokens and without 
our coaching she did—and with the 
Wee result . Note A3 in Figures 1 and 
a Aggression increased to about 120 
sequences per day, and cooperation 
decreased to about 90. While this was 
an improvement over Al, before the 
boys had ever been exposed to the 
token exchange, it was not good. The 
mixture of aggression and cooperation 
was strange, even weird, to watch. 
pei 5 exchange was re- 
n» n 95 d 3) and the aggression 
É ger reinforced, the expected 
changes recurred—with a bang. Ag- 
Bression decreased to seven sequences 
on ithe last day, and cooperation rose 
ad about 161 sequences. In "normal 

rsery schools, our observations have 
shown that five boys can be expected 
"i poss 15 aggression sequences and 
o peration sequences per day. 
5 aggressive and 
8 e our boys had become 
fee gs oa and far more coopera- 

E ormal" boys. 
Here is an example of their new 
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behavior patterns, taken from a rest 
period—precisely the time when the 
most aggressive acts had occurred in 


the past: 


All of the children are sitting around 
the table drinking their milk; John, as 
usual, has finished first. Takes his plas- 
tic mug and returns it to the table. 
Miss Martha, the assistant teacher, 
gives him a token. John goes to cup- 
board, takes out his mat, spreads it out 
by the blackboard, and lies down, Miss 
Martha gives him a token. Meanwhile, 
Mike, Barry, and Jack have spread 
their mats on the carpet. Dan is lying 
on the carpet itself since he hasn't a 
mat. Each of them gets a token. Mike 
asks if he can sleep by the wall. Miss 
Sally says “Yes.” John asks if he can 
put out the light. Miss Sally says to 
wait until Barry has his mat spread 
properly. Dan asks Mike if he can share 
his mat with him. Mike s “No.” 
Dan then asks Jack. Jack says, “Yes, 
but before he can move ov 
says "Yes." Dan joins Mike. Both 
and Mike get tokens. Mike and | 
get up to put their tokens in their cans. 
Return to their mats. Miss Sally asks 
John to put out the light. John does 


so. Miss Martha gives him a token. All 
minutes later—all 


three minutes later. 
riod ends. 


quiet now. Four 
Quiet still. 


quiet. 
10:23 A.M. Rest pe 


Time: 


The hyperaggressive boys actually 
had, and were, double problems; they 
were not only extremely disruptive, 
but they were also washouts as stu- 
dents. Before the token system (Al), 
they paid attention to their teacher 
only about 8 percent of the lesson time 
(see Figure 3). The teacher’s system 
of scolding the youngsters for inatten- 
and taking their attention for 
granted with faint approval, if any, 
did not work at all. To the pupils, the 
“Get the Teacher” game was much 
more satisfying. 


tion 
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Percenuge of Time Spent in Lessons 


4 8 12 16 20 24 28 32 36 40 44 48 


Figure 3 
Percentage of scheduled time spent in 
lessons by days for five hyperaggressive 
boys. In Al and A2, teacher structured 
approval exchange for attendance, disap- 
proval for non-attendance. In B1 and B2, 
a token exchange for attendance was 


structured, but not effectively until B2 
and B4. 


After the token exchange was 
started, in BI, B2, B3, and B4, it took 
a long, long time before there was 
any appreciable effect. The teacher 
was being trained from scratch, and 
our methods were, then, not very 
good. However, after we set up a 
wireless: communication system that 
allowed us to coach the teacher from 
behind a one-way mirror and to give 
her immediate feedback, the children's 
attention began to increase. Toward 
the end of B3, it leveled off at about 
75 percent—from 8 percent! After the 
token exchange was taken out during 
A2, attention went down to level off 
at 23 percent; put back in at B4, it 
shot back up to a plateau of about 93 
percent. Like a roller coaster: 8 per- 
cent without, to 75 with, to 23 with- 

out, to 93 with. 


Normal Children 


"These results occurred with chronic, 
apparently hopeless hyperaggressive 
boys. Would token exchange also help 
"normal" relatively bright upper- 
middle-class children? Sixteen young- 
sters of that description-nine boys 
and seven girls, ranging from 2 years 
9 months to 4 years 9 months—were 
put through an experimental series by 
Bushell, Hamblin, and Denis Stod- 
dard in an experimental pre-school at 
Webster College. All had about a 
month's earlier experience with the 
token-exchange system. The results 
are shown in Figure 4. 


Study in 15-Minute Periods 


At first, the study hour was broken 
up into 15-minute periods, alternat- 
ing between the work that received 
tokens, and the play or reward that 
the tokens could be used for. Probably 
because the children were already fa- 
miliar with token exchange, no great 
increase in learning took place. On 
the 22nd day, we decided to try to in- 
crease the learning period, perhaps 
for the whole hour. In A2 (Figure 4), 
note that the time spent in studying 
went up rapidly and dramatically— 
almost doubling—from 27 to level off 
at 42 minutes. 

During B, the token exchange was 
taken out completely. The 
still gave encouragement and [ 
interesting lessons 
wards—the 


teachers 
prepared 
as before. The re- 
nature walks, snacks, 
movies, and so on—were retained. But, 
as in a usual classroom, 
given to the children free 
being sold. The 
at about the sam 
a few days. But 
tion dropped off 


they were 
instead of 
children continued 
€ rate as before for 
after a week, atten- 
slowly, then sharply. 
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Multiple Short Study Sessions: 
Tokens Used 


Das 


Sixte Y 
E en upper-middleclass pre-schoole 
as used; in B, only approval. 


On i A 
15 b lis day it was down to about 
andi. s—one-third the level of the 
ys € token period. 
Dni 5 token exchange was re- 
Gon ea A only three days, atten- 
of 15 "s ed back from an average 
ever By PS to 45 minutes. How- 
paid wife end of A3, the students 
8 um an average of 50 of the 
is pues minutes. 
opera oaa of the record of these 
Ae the record of the hyper- 
Ss dn boys is interesting. The in- 
en „ brought by the 
ütés ia 0 ange, from about 15 min- 
be the 2 5 threefold 
8 children; but for the 
dient hes Ssive boys—who are disobe- 
Seal easily distracted—it is about 
old, from 8 percent to 93 per- 
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Single Study Period; 
Tokens Used 


Single Study Period: 
Tokens Not Used 


Figure 4 


rs. In Al, A2 and A3 the token exchange 


cent of the time. The increase was not 
only greater, but the absolute level 
achieved was higher. This indicates 
strongly, therefore, that the more 
problematic the child, the greater may 
be the effect of token exchange on his 
behavior. 

The high rates of attention were 
not due to the fact that each teacher 
had fewer children to work with. Indi- 
vidualized lessons were not enough. 
Without the token exchange, even 
three teachers could not hold the in- 
terest of 16 children 2 to 4 years old— 
at least not in reading, writing, and 


arithmetic. 


Praise were not 


and approval 
enough as rewards. The teachers, 
throughout the experiment, used 


praise and approval to encourage at- 
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tention; they patted heads and said 
things like "Good," "You're doing 
fine," and "Keep it up"; yet, in B, 
when the token exchange was re- 
moved, this attention nevertheless ul- 
timately declined by two-thirds. Social 
approval is important, but. not nearly 
so powerful as material reinforcers. 
Finally, it is obvious that if the rein- 
forcers (movies, snacks, toys, or what- 
ever) do not seem directly connected 
to the work, they will not sustain a 
high level of study. To be effective 
with young children, rewards must 
occur in a structured exchange in 
which they are given promptly as rec- 
ompense and thus are directly con- 
nected to the work performed. 


The Very Young Child 


According to accepted educational 
theory, a child must be about six and 
a half before he can comfortably learn 
to read. But is this really true, or is it 
merely a convenience for the tradi- 
tional educational System? After all, by 
the time a normal child is two and a 
half he has learned a foreign language 
—the one spoken by his parents and 
family; and he has learned it without 
special instruction. or coaching. He 
has even developed a feel for the rules 
of grammar, which, by and large, he 
uses correctly. It is a rare college stu- 
dent who becomes fluent in a foreign 
language with only two and a half 
years of formal training—and our col- 
lege students are supposed to be the 
brightest of our breed. Paul Goodman 
has suggested that if children learn to 
speak by the same methods that they 
learn to read, there might well be as 
many non-speakers now as illiterates. 

What if the problem is really one 
of motivation? If we structured an ex: 
change that rewarded them, in wavs 
they could appreciate, for learning to 


read, couldn't they learn as readily as 
5-year-olds? 

We decided that for beginners, the 
number of words a child can read is 
the best test of reading ability. In 
an experiment designed by Hamblin, 
Carol Pfeiffer, Dennis Shea, and June 
Hamblin, and administered at our 
Washington University pre-school, the 
token-exchange system was used to 
reward children for the number of 
words each learned. The results are 
given in Figure 5. Note that the 2- 
year-olds did about as well as the 5- 
year-olds; their sight vocabularies were 
almost as large. 

There was an interesting side effect: 
at the end of the school year, all but 
one of these children tested at the 
"genius" level. On Stanford-Binet in- 
dividual tests, their LQ. scores in- 
creased as much 


as 36 points. It was 
impossible to compute an average gain 
only because three of the children 
"topped out“ made something in ex- 
cess of 149, the maximum score pos- 
sible. 

In general, the lower the measured 
1.Q. at the start, the greater the gain 
—apparently as a result of the educa- 
tional experience. 


The Non-Verbal Child 


What happens when ghetto children 
are introduced into a token-exchange 
system? At our Mullanphy Street pre- 
school, 22 Afro-American children— 
age 3 to 5—attend regularly. All live 
m or near the notorious Pruitt-Igoe 
Housing Project, and most come from 
broken homes. When the school be- 
gan, the teachers were unenthusiastic 
about a token exchange, so we let 
them proceed as they wished. The re- 
sult was Pandemonium. About half 
of the children chased one another 
around the room, engaged in violent 
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Girl Girl Girl 
so 32 T 34 Age in Months 
136 143 149 138 LQ. 


Figure 5 


Numb i 

2. Ann 4 of sight-words learned through time by five 4- and 5-vear-olds, and four 

2- and 3-year. DCN f 8 : MN S, 2 
year-olds. Note that the younger children did about as well as the older 


ones—exce 
xcep * d ^w d T " 
pt for one boy whose I.Q. was somewhat lower than the othe 


gro Sue d AR 
group. (Gaps indicate absences.) 


arg 
un and fought. The others 
Wee some would not even com- 
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See ee third day, the teachers 
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Hamblin) = S We (Buchholdt and 
ieee ee them to ignore 
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later to be stes the plastic tokens, 
as milk ups for such things 
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uve an ps T he children quickly 
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Behavior ii 1 5 and disruptive 
l pr 17 become only an oc 
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? ut punishment. 


rs in the 


then focused 
1 verbal prob- 
started 


Our attention was 
upon the children witl 
lems. These children seldom 
vith teachers or other 
would sometimes 
a word or per- 
be un- 


conversations v 
students, but they 
answer questions with 
This pattern may 
the middle classes, but is 
quite common among ghetto children. 
Our research has shown that children 
so afflicted are usually uneducable. 
As we investigated, we became con- 
vinced that their problem was not that 
re unable to talk as much as 
that they were too shy to talk to 
strangers—that is, to non-family. In 
homes we overheard most of 


haps two. 
usual in 


they we 


their 
them talking brokenly, but in sen- 
tences. Consequently, we set up a 


token exchange for them designed spe- 
cifically to develop a pattern of talk- 
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ing with outsiders, especially teachers 
and school children. 

As it happened, we were able to 
complete the experiment with only 
four children (see Figure 6). During 
Al, the baseline period (before the 
tokens were used), the four children 
spoke only in about 8 percent of the 
15-second sampling periods. In B1, the 
teachers gave social approval and 
tokens only for speaking; non-verbal- 
isms, like pointing or headshaking, 
would not be recognized or reinforced, 
Note the increase in verbalization, 
leveling out at approximately 48 per- 
cent. 

In A2 we reversed the conditions 
by using a teacher new to the school. 
The rate of talking dropped off im- 
mediately, then increased unevenly 
until it occurred in about 23 percent 
of the sample periods. 


Percentage of Sampled 15-Second Periods 
In Which Verbali 
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Time In School Days 
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Percentage of sampled periods in which talkin 


non-verbal “culturally deprived” 
ditions. In each of the A condit 


children, and through five experim 
ions a new teacher was introduce 


In B2 the new teacher reintroduced 
the token exchange for talking, and 
once more there was a dramatic rise: 
The speaking increased much more 
rapidly than the first time, ending up 
at about 60 percent. (This more rapid 
increase is known as the Contrast Ef- 
fect. It occurs in part, perhaps, be- 
cause the children value the token 
exchange more after it has been taken 
away.) 

In the final test, we again took out 
the token exchange, and introduced 
Yet another new teacher. This time 
the drop was small, to 47 percent. 

We followed the children for three 
months after the end of the experi- 
ment. Their speech level remained at 
48 percent, with little dropoff. This 
compares with the 40 percent talking 
rate for our other ghetto children, and 


the 42 percent rate for upper-middle- 
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ental con- 


8 occurred through tim 


3 d. and she 
structured a token exchange for participation in lessons. In the B 


the teacher then structured a token exchange for talking. The foll 


similar to the A conditions. 


conditions, 
OW-up was 


CHANGING THE GAME FROM “GET THE TEACHER" TO "LEARN" 


class children at the Washington Uni- 
versity pre-school. P 
e eo ye Specth, However i was 
end of M important finding. At the 
ees lp. a the children spoke more 
Broken 18 stil in a hesitant and 
smaka 4 way: By the end of B2, they 
00 phe sentences, used better syntax, 
Mo started. conversations. 
gone a Teacher and neighbors all 
more frie 8 fos children Mere much 
dained e y and assertive. But some 
mA wed aea, children now talked 
ual bias; | his could reflect individ- 
chat 25 1 yout there was little doubt 
CONS" A east one child, Ben, had be- 
He dus 8 liost compulsive talker. 
né ke Piven to saying hello to every- 
80 wE ses and shaking their hands. 
SAT 5 the experiment 
adage auld have happened to Ben 
This started another exchange? 
85 een shows that token 
Nair e sam bring on permanent be- 
innt a hange, but that the culture 
Talkin e the new behavior. 
and 18 ee eee in our culture, 
Abe therefore they are 
as E a But other subjects—such 
„ beyond simple arith- 
e not for most people. For 
muse Da or 5 3 permanently it 
tently, nforced at least intermit- 


Autism 
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velop in more demanding. They de- 

creasingly destructive and 


359 


bizarre behavior problems. Finally, 
between 5 and 10 years old, autistic 
children ordinarily become unbear- 
able to their families and at that 
point they are almost invariably in- 
stitutionalized. Until recently, at least, 
this meant a rear ward to vegetate in 
until they died. 

The breakthrough in therapy from 
autism came in 1964 when Dr. Ivar 
Lovaas and Dr. Montrose Wolfe and a 
graduate student, now Dr. Todd Ris- 
ley, simultaneously developed therapy 
systems using well-established prin- 
ciples of operant conditioning. They 
were particularly successful with those 
children who randomly echoed or 
imitated words or sentences (this is 
called echolalia). 

The therapy systems we have de- 
signed, developed, and tested, though 
similar in some ways to those devel- 
oped by Lovaas, Wolfe and Risley, 
are quite different in others. First, we 
do not use punishment, or other nega- 
tive stimuli. We simply terminate ex- 
changes that reinforce the autistic 
patterns, and set up exchanges that 
reinforce normal patterns. Second, 
our children are not institutionalized; 
they live at home, and are brought to 
the laboratory for twenty minutes to 
three hours of therapy per day. Third, 
soon as possible—usually within 
s—we get the children into class- 
works with 
Fourth, we 


as 


month 
rooms where a therapist 


four or five at a time. 
train the mother to be an assistant 


therapist—mostly in the home, but 
also in the laboratory. These changes 
were introduced for several reasons, 
but primarily in the hope of getting 
a better, more permanent cure for 


autism. 
The Etiology of Autism 


Is autism hereditary, as many be- 
lieve? Our studies indicate that this 
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is not the important question. Many 
mental faculties, including I. Q., have 
some physiological base. But the real 
issue is how much physiologically 
based potential is socially realized, 
for good or bad. As far as we can tell, 
the exchanges that intensify autism 
get structured inadvertently, often by 
accident; but once started, a vicious 
cycle develops that relentlessly drives 
the child further into autism. 

When autism starts, the mother 
often reacts by babying the child, try- 
ing to anticipate his every need before 
he signals. Thus normal communica- 
tion is not reinforced, and the child 
never learns to work his environment 
properly. But even if he doesn't know 
how to get what he wants through 
talking, he does learn, through asso- 
ciation, that his oversolicitous and 
anxious mother will always respond 
if he acts up violently or bizarrely 
enough. And she must, if only to 


punish. He thus learns to play “Get 


mother’s attention”: and this soon de- 


velops into “Get mother exasperated, 
but stop just short of the point where 
she punishes and really hurts.” Here 
is an example (observed by Ferritor in 
the first of a series of experiments by 


the Laboratory's staff, not reported 
here): 


Larry is allowed to pick out his fa 
vorite book. His mother then attempts 
to read it to him, but he keeps turning 
the pages so she can't, He Bets up and 
walks away from the table, The mother 
then yells at him to come back. He 
smiles (a sign of pleasure usually but 
not always accompanies reinforce- 
ment). Mother continues to talk to the 
child to try to get him back for the 
Storv 


Finally, he comes over to the 
table and takes the book away from 
her. She lets him and goes back to the 
bookcase for another book. He then 
sits down and she begins to read. He 


tries to get up, but his mother pulls 
him back. Again. Again. She holds him 
there. He gets away and starts walking 
around the room. Goes to the toy cabi- 
net. Mother gets up to go over and 
take a toy away from him. He sits on 
the floor. The mother comes over and 
sits down by him. He gets up and goes 
over by the door and opens it and tries 
to run out. She tells him he has to stay. 
He smiles. She resumes reading. He 
Bets up and starts walking around the 


table. She grabs him as he comes by. 
He smiles. 


A clinical psychologist who had 
tested Larry did not diz gnose him as 
autistic, but as an educable mental 
retardate with an LQ. of perhaps 30. 
Yet he had gaze aversion and we sus- 
pected that Larry, like other autistics, 
was feigning inability as a way of 
getting what he wanted from his 
mother, and then from other adults. 
He began to respond to the attractive 
exchanges that we structured for him, 
and as we did, he began to tip his 
hand. For example, at one point when 
his mother was being trained to be 


an assistant therapist, the following 
incident occurred: 


Mrs. C. (old Larry that as soon as he 
strung some beads he could have gum 
from the gum machine 
the room, For about 
fumbled, he whined, 
ing, saying. "T can't. 
the beads at 
the mother h 
the room, s 
those be; 
With hi 
cording 
down 


that was across 
10 minutes he 
all the time cry- 
Finally, he threw 
his mother, Eventually, 
ad the good sense to leave 
ying, “As soon as you string 
ads, you can have your gum." 
5 mother out of the 
to our observers he 
and, in less than 30 
filled a string with be 
parent trouble. 


room, ac- 
sat right 
seconds, 
ads with no ap- 


Just two weeks later, 


after the mother 
had been through ou 


r 10-day training 


CHANGING THE GAME FROM “GET THE TEACHER” TO “LEARN” 


program, “story 


time.” 


they again had a 


The mother begins by immediately 
asking Larry questions about this book 
(the same book used a few weeks be- 
fore). He responds to every question. 
She gives approval for every correct 
answer. Then she tries to get him to 
Say, “That is a duck." He will not say 
it intelligibly, but wants to turn the 
page. Mother “As soon as you say 
‘duck,’ you may turn the page." Larry 
Says "Duck" and turns the page. He 
smiles. 

_ After seven minutes, Larry is still 
sitting down. They have finished one 
book and are beginning a second. 


Most autistic children play the 
Same "Look at me, I'm stupid," or 
Look at me, I'm bizarre." These are 
Simply attention-getting games that 
Enos adults repeatedly reinforce. Man 
ms " simple machine; he learns, 
dics e develops his abilities, he 
Tina Ps stronger and stronger habits. 
F lus, once these inadvertent ex- 
changes get established, the child be- 
Si ig and more dependent, 
it pos more disruptive, more and 
ated ore more and more alien- 
nA 1 the positive exchanges that 
E structured in his environment 
— i i id is that the parents and 
something m E. child's life sense that 

g is terribly wrong, but the 


more they do 5 
Rs they do, the worse the situation 
comes. 


" It seems to those of us who have 

e i n i i 

ii involved in these experiments 
m the beginning that the exchange 
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techniques and theories we have used 
have without question demonstrated 
their effectiveness in treating and 
educating problem children. Watch- 
ing these children as they go peace- 
fully and productively about their 
lessons toward the end of each experi- 
mental series is both an exhilarating 
and humbling experience. It is almost 
impossible to believe that so many 
had been written off as "uneducable" 
by professionals, that without this 
therapy and training—or something 
similar-most would have had dark 
and hopeless futures. 

But it is not inevitable that so 
many hyperaggressive or environmen- 
tally retarded. ghetto children become 
dropouts or delinquents; it is not in- 
evitable that so many autistic children, 
saddest of all, must vegetate and die 
mutely in the back wards of mental 


hospitals. 


FURTHER READING SUGGESTED 

By THE AUTHORS: 

The Analysis of Human Operant Behav- 
ior by Ellen P. Reese (Dubuque, Iowa: 
William C. Brown Company, 1966). 

The Emotionally Disturbed Child in the 
Classroom by Frank Hewett (Boston: 
Allyn and Bacon, Inc, 1968). 


J. K. 


Childhood Autism edited by 
Ltd., 


Farly 
Pergamon Press. 


Wing (London 
1960). 
Case Studi 
Leonard P 
ner (New York: Holt, 

Winston, Inc., 1965). 


es in Behavior Modification by 
conard Kras- 


Ullman and I 
and 


Rinehart 


This selection, like the previous one by Hamblin et al. 
the use of behavior modification techniques; but w 
the previous article concerned themselves prim 
classroom behavior, Goldiamond looks at 
read, keep in mind the fundamental assumption of behavior modifica- 
tion: that human behavior is importantly and largely determined by the 
consequences of previous behavior. That is, people tend to repeat re- 
sponses for which they have been rewarded or reinforced and they tend 
not to repeat other responses, The opponents of the behavior modifica- 
tion movement express a violent dissatisfaction with the very simple 


notion that reinforcement is a fundamental determinant of human be- 
havior. 


, discusses 
hereas the authors of 
arily with education and 
a variety of problems. As you 


One of the basic concepts which Goldiamond mentions 
stimulus control, A stimulus is said to have a stimu 
sponse if in some basic way that stimulus sets the 
sponse, i.e., if the response generally occurs when th 
and doesn't occur when the stimulus is 
the stimulus “How are you?” is generally followed in our society by the 
response “Fine” as long as the responder is healthy enough to hold him- 
self erect. So “How are you?” could be said to have stimulus control 
over the response “Fine.” Other examples of stimulus control are given 
in the article. Another fundamental concept used repeatedly is that of 
reinforcement, with which you are already familiar. 

Note in the discussion on page 370 that punishme 
ing had not been effective for improving 
who is being treated. Undoubtedly one as ineffective is 
that the alternative and desired response of legible handwriting simply 
was not available to the subject. He didn't know how to write legibly, 
so his parents and teachers could punish his bad writing as much as they 
wished without producing the desired change, They were unable to 
change the quality of the writing simply because the altern 
writing well, was not in the subject's repe 
vious article that Hamblin e 


is that of 
lus control over a re- 
occasion for that re- 
e stimulus is present 
absent. At a. very simple level 


nt of bad handwrit- 
the handwriting of the student 
reason why it wa 


ative response, 
rtoire. Remember 


in the pre- 
! al. commented that simply ignor 


'ing aggres- 
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sion probably wouldn't have worked but that ignoring aggression whil 
at the same time rewarding cooperative behavior did work. i 
Although Goldiamond's article discusses, rather informally, the vari 
cases on which the author worked, it does give some idea about how 180 
5 complicated behavior patterns into simpler ones which 
E e modified by simple contingencies of reinforcement. 


SELF-CONTROL PROCEDURES IN 


PERSONAL BEHAVIOR PROBLEMS 


Israel. Goldiamond 


Another j 
Vis ol Y advantage of direct treatment of disordered behavior lie 
p ZEN C H H 
eo oic symptom underlying cause symptom circularity. For 
s, in his account of a behavioral treatment of enuresis, points out that 


^s in the break- 
example, 
often 


the "anxiety" ; 5 
xiety" considered the underlying cause of the problem behavior disap- 


5 bedageting stopped. In many cases, the enuresis, 
17 i na , parent-child relationships, may have been the 
5 y rather than the symptomatic result. 

terapy is not only a convenient, but an ultimate 


person’s “problem” as a whole. 


" 
„„ most refreshing aspect of these article 
12 180 4 itation worker, doctor, parent, teacher, o 
red with the modification of disorde 
s9 to alter the behavior in question. 
P and the more esoteric procedures involve: 
a new and exciting approach to old and troublesome 


ae resen discussion will be con- 
0 waith the application of self- 
a procedures to the solution of 
ain limited behavioral problems. 
f Often one person comes for help 
rom another because he cannot cope 
with problems that face him. The ap- 
Propriate behaviors are not available. 


Reprinted with permission of author and 
Publisher (this is available as a separate from 
5 journal): Goldiamond, T. “Self-Control 
P in Personal Behavior Problems.” 
sychological Reports, 1965, 17, pp. 851-68. 


red behavior—precisely what they 
The contrast between such beha 


by aggravating 
cause of the “anx- 
Thus, at least in some cases, behavioral 
ly effective treatment of the 


s is their specificity in telling 
r patient—whoever is con- 
are to 
vioral 
d in other forms of therapy pro- 
problems. 


The means by which the behavioral 
deficit can be overcome are varied. 
Simple instructions often suffice, as 
when the subject cannot study because 
he does not have the assignment. On 
the other hand, the subject may not be 
able to study because he cannot allo- 
cate his time appropriately, because he 
daydreams at his desk, or because he 
engages in other behaviors which 
come under the general heading of 
lack of self-control. In these cases, 


simple instructions. will not remedy 
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the deficit since the subject himself 
knows what it is. He has often tried to 
instruct himself to behave appropri- 
ately, but with little success. Indeed, 
the numerous jokes surrounding New 
Year's resolutions indicate both the 
prevalence of the problem, and the 
ineffectiveness of its instructional so- 
lution, whether imposed by others or 
by one's self in self-instruction. 

The specific behavioral deficit, or 
presenting problem, is often part of a 
larger context of deficits. Rather than 
trying to overcome the presenting 
deficit directly, the therapist may turn 
his attention to other, "deeper" be- 
haviors or behavioral deficits. In this 
case, the presenting problem is con- 
sidered a symptom, by exactly the 
same defining operations that make a 
skin rash a symptom. Here, the derma- 
tologist states that to get rid of the 
rash he will treat in addition some- 
thing else, possibly a blood imbalance, 
rather than only treating the rash it- 
self (Goldiamond, Dyrud, and Miller, 
1965). For example, we know of one 
case where a woman assumed a fetal 
posture for three days after an argu- 
ment with her husband. She was re- 
stored to mobility by direct modifica- 
tion of this behavior. 


It can be argued 
that a wom 


an who maintains control 
over her husband by such extreme 
behaviors is so lacking in more appro- 
priate behaviors that her treatment 
will require considerably more than 
the two hours which restored her mo- 
bility. This case may be an example 
of treating a symptom, since behaviors 
other than the presenting complaint 
may also require modification. How- 
ever, the "underlying" problem can 
still be considered as a behavioral 
one: in this case, the absence of those 
behaviors whereby wives normally 
control their husbands. Yet this gen- 


eral deficit also may be treated di- 


rectly, as in our research on stuttering 
where we have, within the laboratory, 
replaced stuttering by fluent and rapid 
speech in 30 of 30 cases run thus far 
(Goldiamond, 1965b). Indeed, one of 
our stuttering patients, who had been 
suicidal, became able to read bedtime 
stories to her children at home, and 
certain other personal problems at 
home cleared up because her stutter- 
ing cleared up. Some of her other be- 
haviors were accordingly symptomatic 
of stuttering (Goldiamond, 1965a), as 
we have defined "symptom." 

If there is a danger in premature 
assignment of behavioral deficits as 
symptomatic, there is also a danger in 
premature assumption that the alter- 
ation of the presenting problem is 
the final solution. Further analysis in 
light of current knowledge will un- 
doubtedly both modify and confirm 
practice in this area. 

Classification of behavior as a prob- 
lem for treatment or as a symptom 
may also be an economic or contrac- 
tual matter. For example, in a marital 
problem, the presenting complaint 
may be cleared up in a short period 


of time, but other problems are some- 
umes uncovered which 


extensive treatment. 
the implicit contract between patient 
and therapist (cf. Sulzer, 1962) to treat 
the marital behaviors extended to be- 
haviors in other areas? The answer to 
this question must depend on the ex- 
tent to which the subject can afford 
the treatment or can afford not to get 
it, that is, can do without it. It would 
be nice to have a new car when the 
Present one seems to require extensive 
repairs, but there may be other con- 
siderations such as a piano or a child's 
education. For going to and from 
work, minor adjustments may be suf- 
ficient. The economy may also be 
behavioral: is it worth the upset? 


may require 
At what point is 
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: The present discussion will be lim- 
ited to cases where the concern was 
with a specified behavioral problem. 
These cases should be interpreted in 
the context of the foregoing discus- 
sion: namely, that the procedures used 
are not intended to question other 
more extensive procedures, which may 
be necessary for other kinds of be- 
havioral deficits. 

‘The discussion will be concerned 
with self-control (Skinner, 1953) and 
procedures for its establishment. The 
Procedures to be discussed center 
around the position that behavior is 
not an emergent property of an or- 
ganism nor a property solely of its 
environment, but is described by a 
functional relation between the two. 
More technically, given a specified be- 
havior B and a specified environmen- 
em „ x, a lawful relation can 

: ound, such that B=f(x), under cer- 
25 nen] constraining conditions 
ace 3 that when the con- 

s $ € are set up, and x is set at a 
stipulated value, then B will have a 
LM value, given by the value of 
MESS When the experimenter sets 
lo Pee will get the B stipu- 
crc ek ue the experimental 
ML. pes which has been 
a ; atec repeatedy in operant 
aa other laboratories. When the sub- 
1 een sets x at that value, he 

MI get his own B, as stipulated. This 
defines self-control. 
As pha a specified behavior 
mih seU; set up the conditions 
i you know will control it. For 
M if you cannot get up in the 

orning by firmly resolving to do so 
he nor pee yourself that you must, 
ihi 5 an alarm clock. Within 

E xt, the Greek maxim, "Know 
thyself," translates into "Know thy be- 
haviors, know thy environment, and 
know the functional relation between 
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the two." Although the relation be- 
tween an alarm clock and waking up 
is a simple and familiar one, other re- 
lations are neither this simple nor this 
familiar. There have, however, been 
developed in laboratories of operant 
behavior a body of known functional 
relations between behavior, and pro- 
grams and other procedures which can 
alter even more complex behavior sys- 
tematically. Self-control derived from 
such research can take at least two 
forms. One is to instruct the subject 
to set up the procedures which change 
his environment and which thereby 
bring his behavior under different 
control. I shall present some cases to 
this effect. Another form is to train 
him in the functional analysis of be- 
havior, and have him try to determine 
for himself the procedures which he 
should apply. This approach will also 
appear in the following cases. 
Inherent in both types of self-control 
is the problem posed by the tremen- 
dous gap between theory and practice. 
The same theory may dictate numer- 
ous alternative methods or solutions, 
but all may not be equally available, 
r applicable. The operant 


practical, o 
there are at 


paradigm suggests that E 
least twelve different ways to main- 
tain or attenuate behavior (cf. Holz 
and Azrin, 1963). Which are appro- 
priate to the problem? : 

One way of selecting effective prac 
tical measures is to have S report back 
to E every week with his results. This 
1 session for analysis of 
data and discussion of changes in pro- 
cedure. In the laboratory, operant 
procedures are so arranged that re- 
lations between ongoing behavior and 
its conditions are continuously ob- 
served. and recorded. "Through suc- 
cesses and failures, Es may learn to 
analyze behavior and conditions and 
may develop a "feel" for their data, 


hour becomes 
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as do other behavioral practitioners 
in interaction with their subject mat- 
ter, for example, skilled psychiatrists. 
Hopefully, such a program of s stem- 
atic trial and analysis will sensitize S 
to his own behavior and his own 
conditions. By training S in control 
procedures to the extent that these 
exist and are applicable, we are pro- 
viding for self-enhancement and self- 
actualization (Rogers, 1951). Of the 
individuals who can apply control 
procedures, S is the one most con- 
cerned with his behavior and is most 
in contact with it, its conditions, and 
its consequences. Initially E is the 
consultant, and eventually $ becomes 
his own E. The procedures may be 
limited to Ss who are intellectually 
capable of such analysis or who are 
not otherwise incapacitated. Our Ss 
were mainly college students. Where 
systematic training in behavior analy- 
Sis was used, the sessions started with 
individual tutorials in behavior analy- 
sis, homework assignments from stand- 
ard texts (Holland and Skinner, 1961), 
and readings. Given this intellectual 
base, we could move on to discussions 
of the problem in question. 

Our first. cases wer 
clinical psychologists who felt that we 
should work on some of the simpler 
overt problems, while they tackled 
their deeper meanings. One of these 
was a young man who was overweight, 
and another was a girl who had diffi- 
culty studying. 

These two problems yielded, for 
these Ss, to procedures involving stim- 
ulus control. The program with the 
young lady started with human engi- 
neering of her desk. Since she felt 
sleepy when she studied, she was told 
to replace a 40-watt lamp with a good 
one and to turn her desk away from 
her bed. It was also decided that her 

desk was to control study behavior. 


e referrals from 


If she wished to write a letter, she 
should do so, but in the dining room; 
if she wished to read comic books, she 
should do so, but in the kitchen; if 
she wished to daydream, she should 
do so, but was to go to another room; 
at her desk she was to engage in her 
school work and her school work only. 

This girl had previously had a 
course in behavioral analysis and said, 
"I know what you're up to. You want 
that desk to assume stimulus control 
over me. I'm not going to let any 
piece of wood run my life for me." 

"On the contrary," I said, "you 
want that desk to run you. It is you 
who decides when to put yourself 
under the control of your desk. It is 
like having a sharpened knife in a 
drawer. You decide when to use it; 
but when you want it, it is ready." 

After the first week of the regimen, 
she came to me and gleefully said, “I 
spent only ten minutes at my desk 
last week.” 

“Did you study there,” I asked. 

“Yes, I did," she said. 

"Good," I said, "let's try to double 
that next week.” 

For the next few weeks we did not 
meet, but she subsequently reported 
that during the last month of the 
semester she was able to spend three 
hours a day at her desk for four weeks 
in a row, something she had been un- 
able to do previously. When she sat 
at her desk she studied, and when she 
did other things she left her desk. The 
variable Maintaining this increase in 
behavior as the semester drew to an 
end was apparently the forthcoming 
final examinations. 

With regard to the young man who 
overate, stimulus control, chaining, 
and withdrawal of reinforcement were 
used. The stimulus for overeating is 
normally not food (Ferster, Nurn- 
berger, and Levitt, 1962). In our cul- 
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ture, food is normally hidden; it is 
kept in a refrigerator or cupboard. In 
the cafeteria, where it is in the in- 
terests of the management to get 
people to eat, food is exposed. 

The initial strategy for slimming 
the young man was to bring his eating 
behavior under the control of food 
alone, since food is normally not 
available as a stimulus. He was in- 
Structed to eat to his heart’s content 
and not to repress the desire. He was, 
however, to treat food with the dig- 
nity it deserved. Rather than eating 
while he watched television or while 
he studied, he was to devote himself 
to eating when he ate. If he wished 
to eat a sandwich, he was to put it on 
à plate and sit down and devote him- 
self exclusively to it. Thus, reinforcing 
Consequences such as watching tele- 
Vision or reading would be withdrawn 
when he engaged in the behaviors of 
Preparing the food, eating, and clean- 
mos up. Responding to the refriger- 
Ee a ‘Between meals resulted in 
did rawal of such consequences, às 

going to the refrigerator while 
watching television. Television, study- 
ee other stimuli would lose their 
ite " manang Mme chain of be- 
8 2 conditions that termi- 
ating. Within one week, the 

ix Uum cut out all eating between 
it" 1 5 a ve taken the fun out of 
edi. SE to me. We then worked 
and E as of the meals as well, 
Ae hen des attending sessions. I 
he vee pis 15 three months later: 
makai E 05 e e and re- 
nor the dia ^ need ed neither me 
his sent inical psychologist to solve 
ee ems. He could handle them 
PNE cues n that all problems 
that d eated in this manner, or 
Th the Ss had no other problems. 
€ aim was to alter the specified 
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behavior. We started out with the 
simplest procedures. Had these not 
been effective, we would have tried 
others. Some more complex cases will 
be presented next. 

An interesting aspect of these and 
other cases as well was the fact that in 
a very short time the Ss ran off by 
themselves to apply the procedures 
they had learned. In some cases, 1 
would have preferred more extensive 
interchange, and wondered how clini- 
cal psychologists were able to keep Ss 
coming week after week. Finally I 
attributed the tenure of the relation- 
ship to what might be called the 
Scheherazade effect. Scheherazade, as 
you will recall, became the consort of 
a king who killed each bedmate after 
one night, having generalized the in- 
fidelity of a previous wife to all 
women. Scheherazade told him a story 
on the first night, which was not com- 
pleted by dawn. The king paroled her 
for the second night to hear the rest 
of the story, and having been rein- 
forced, she repeated her behavior. 
The schedule maintained such be- 
havior for 1001 nights, and the result 
is known as the Arabian Nights. | 

Few things are more interesting 
and will sustain behavior better than 
support for talking about one's self; 


one is never finished in 50 minutes. 


Hence, such discussions may maintain 


therapy sessions and allow the thera- 
pist to interact with the patient over 
an extended period of ume. An indi- 
vidual tutorial may serve the same 


function. 


Marital Case 


band in this case was a 
young man, 29, who was working on 
his masters degree. His wife was 
taking my course in behavioral analy- 
and they both decided that he 


The hus 


sis, 
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should come to see me about their 
marriage, which both wanted to main- 
tain. The issue, as $ told me, was that 
his wife had committed the "ultimate 
betrayal" two years ago with S's best 
friend. Even worse, it was S who had 
suggested that the friend keep his wife 
company while he was in the library 
at night. Since that time, whenever he 
saw his wife, S screamed at her for 
hours on end, or else was ashamed of 
himself for having done so and spent 
hours sulking and brooding. Since the 
events that led to the "betrayal" were 
an occasion for bringing home the 
first lesson on the consequences of be- 
havior, we started from there. 


RELATION or BEHAVIOR 
To ITS CONSEQUENCES 


Early discussions concerned 
analysis of behavior in terms of its 
consequences. S's behavior provided 
stimuli for his wife’s behavior. If he 
wished his wife to behave differently 
to him, then he should provide other 
stimuli than the ones which produced 
the behaviors he did not like. There 
was considerable analysis of such in- 
teractions. This conceptualization of 
behavior was apparently new to S, 
who took detailed notes; and I have 
discovered it to be new to many other 
S's as well. 


the 


SrIMULUS CHANGE 


Altering the consequences of oper- 
ant behavior will alter the behavior 
itself. However, this process may take 
a considerable amount of time. One 
of the most rapid ways to change be- 
havior is by altering the conditions 
under which it usually occurs. This is 
called stimulus change, or the effects 
of novel stimuli. If the novel stimuli 
are then combined with 
havioral contingencies 


be- 
designed to 


new 


produce different behavior, these con- 
tingencies are apt to generate the new 
behavior much more rapidly than they 
would in the presence of the old 
stimuli. 

As part of the program of establish- 
ing new stimuli, S was instructed to 
rearrange the use of rooms and furni- 
ture in his house to make it appear 
considerably different. His wife went 
one step further and took the occasion 
to buy herself a new outfit. 


ESTABLISHMENT OF NEW BEHAVIOR 


Since it was impossible for S to con- 
verse in a civilized manner with his 
wife, we discussed a program of going 
to one evening spot on Monday, an- 
other on Tuesday, and another on 
Wednesday. 

“Oh,” he said, “you want us to be 
together. We'll go bowling on Thurs- 
day." 

"On the contrary," I said, "I am 
interested in your subjecting yourself 
to an environment where civilized 
chit-chat is maintained. Such is not 
the case at a bowling alley." 

I also asked if there were any topic 
of conversation which 
would maint 
on his 


once started 
ain itself. He commented 
mother-in-law's crazy ideas 
about farming. He was then given an 
index card and instructed to write 
“farm” on it and to attach a $20 bill 
to that card. The $20 was to be used 
to Pay the waitress on Thursday, at 
which point he was to start the “farm” 
discussion which hopefully would con- 
tinue into the taxi and home. 


STIMULUS CONTROL 


Since in the 
his wife S sulke 
gram was desi 
S's sulking wa 
ing. S w 


absence of yelling at 
d, and since the pro- 
gned to reduce yelling, 
in danger of increas- 
instructed to sulk to his 


SELF-CONTROL PROCEDURES IN PERSONAL BEHAVIOR PROBLEMS 


heart’s content, but to do so in a speci- 
fied place. Whenever he felt like sulk- 
ing, he was to go into the garage, sit 
on a special sulking stool, and sulk 
and mutter over the indignities of life 
for as long as he wished. When he was 
through with his sulking, he could 
leave the garage and join his wife. He 
Was instructed to keep a daily record 
of such behavior and bring it to each 
ibam dts graph is presented in 

. Sulking time had been re- 
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Figure 1l 


Graph kept of sulking behavior. 


ge as 7 hours on the preceding 
Ban and, with occasional lapses, it 
wae as dropping to less than 
tel Es before disappearing en- 
laor : he reported reversals and 

Ps were occasions for discussions. 
Moss 25 bedroom had been the 
Beem Aer bickering and occasional 
an e problem was presented of 
- anging its stimulus value when con- 
[en was involved. If this could 
RO THE consistently, eventually the 
Special stimuli might come to control 
mu radar The problem was to 

a stimulus which could alter the 
Toom entirely and would be easy to 
apply and withdraw. Finally, a yellow 
night light was put in, was turned 
on when both felt amorous, and was 
kept turned off otherwise. This light 
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markedly altered the perceptual con- 
figuration of the room. 


RECORDS 


Daily notes of events were kept ina 
notebook, as was the graph. $ took 
notes of the discussions with E. These 
notes were discussed at each weekly 
session. 

One of the notions which S held 
very strongly was that his wife's be- 
havior stemmed from some inacces- 
sible source within her, and that many 
of his own behaviors likewise poured 
out from himself. In this context, the 
final sharp rise in the sulking curve 
was discussed. “The whole procedure 
won't work," he said, “my wife doesn't 
need me as much as I need her." The 
psychiatric message was that he had 
no control over his wife, but I chose 
to ignore this message in favor of a 
didactic one on the behavioral defi- 
nition of needs. He was asked how he 
what his wife's needs were. Was 


knew 
he an amoeba slithering into her 
tissues. and observing tissue needs? 


Was he a mind reader? After my re- 
peated rejection of subjective defini- 
tions of needs, he redefined the prob- 
lem behaviorally, namely, that his 
wife behaved a certain way less than 
he did. He said that stated this way it 
sounded silly, but I said, "No, it's a 


problem to you and not silly." 
What were these behaviors? They 


aparently included such dependency 
behaviors as asking him to do things 
ime she 


for her. "When was the last ti 
asked you to do something for her?” 
I asked. He replied that the previous 
day she asked him to replace a light 
bulb in the kitchen. Had he done so, 
I asked. No, he said. He then was 
asked to consider the extinction of 
pigeon behavior and took notes to the 
effect that, if he wished his wife to act 
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helpless, he should reinforce depend- 
ency by doing what she asked. 

A discussion on needs and person- 
ality ensued. “If by personality all 
that is meant is my behavior,” he said, 
“then my personality changes from 
one moment to the next, because my 
behavior changes,” he stated. 

“I should hope so,“ I said. 

“Well, what is my true personality; 
what is the true me?” he asked. 

"Do you have a true behavior?" I 
asked. 

He reported this as a viewpoint he 
had never considered; his previous 
training had been in terms of being 
consistent to his self, and of searching 
for “thine own self (to which he 
could) be true." He took extensive 
notes. 

The next week he came in and 
stated: "I did something last week 
that I have never done before in my 
life. When I teach in classrooms I am 
able to manage my students, but when 
I talk to tradespeople I find I am very 
timid and allow myself to be cheated. 
Well, last week my carburetor gave 
out. I knew if I went to the garage 
they would make me buy a new one 
even though I have a one-year's 
guarantee. I sent my wife down to the 
garage instead. She is a real scrapper. 
She came back with a new carburetor. 
It didn’t cost us a cent. Why should 
I have to be all things to all men? 
In school I control things, but with 
tradespeople I don't. So what?" 

"These weekly sessions continued dur- 
ing ten weeks of the summer term. 
After the initial training, S was as- 
signed homework along with his wife 
who was taking the course in be- 
havioral analysis. The weekly discus- 
sions were centered around behavioral 
analysis and how it might apply to 
his problems. 

During the course of one of the 


sessions, S started to talk about his 
childhood and was summarily cut-off. 

“Shouldn’t I talk about this with 
a psychologist?" he asked. "Isn't this 
one of the things that interests you? 
Doesn't it affect me now?" 

"Look," I said, "a bridge with a 
load limit of three tons opens in 1903. 
The next day, a farmer drives eighteen 
tons over it; it cracks. The bridge 
collapses in 1963. What caused the 
collapse?" 

“The farmer in 1903,” he said. 

"Wrong," I said, "the bridge col- 
lapses in 1963 because of the cracks 
that day. Had they been filled in the 
preceding day, it would not have col- 
lapsed. Let's discuss the cracks in your 
marriage." 

At the end of the period, there was 
no sulking in the garage and the part- 
ners were able to commune. 


Study Case 1: Handwriting 

S was a seventeen-year-old high 
school senior of normal intelligence, 
who was 28th in a class of 28 and 
whose handwriting was illegible. He 
was a referral from a school psycholo- 
gist. 

An example of his early hand- 
writing is given in Figure 2. Lettered 
lines of translation alternate with cur- 
sive lines of handwriting. During the 
first session, I asked S to sit at my desk 
and write from dictation. He leaned 
forward to write, but no part of his 
hand or arm touched paper or desk; 
the entire force of his shoulder and 
arm was transmitted to the pencil 
point, making fine control impossible. 


Since the primary grades, no one had 
ever observed 


his writing behavior; 
they h 


ad, however, criticized its prod- 
uct. I instructed him to keep his arm 
on the table and to manipulate his 
pencil from the wrist and fingers. 


SELF-CONTROL PROCEDURES IN PERSONAL BEHAVIOR PROBLEMS 371 


4 do Dragt ) 


pa Iin many 
ELOT up PINAY 
> m and always 


Wer s$ à S SCL. 
res fe bete ath 


cS Mery fou O,Ljëftf oue Dre cx PAF LE 
Southern twang in his voce, 
O er, B7 4X Ae rof 


which = í 
[vw E age 17 pyt on. Tr many ways, 
"S ungen vk (eT o. fi wi Dire. A—RuUO 
& Sums vp this, class; a rovp o 
s m au? OG 
2» “mature people» which ‘need +o row 
pe d To MD 
Je and len ER DD te be mer cars HOS 
Ber Hg Qezercme? 7 
Above ol corn +o keep their 
menn TO ete EE 
eo on is unbearable (creature , por 
he ?» ^ em 


Figure 2 


Sa š qm i : 
ample of initial handwriting; translation appears above line. 


So i Py H ^ aia. 
me simple physics was explained to between the lines. The writing be- 


dt wirds of onion skin were inter. comes smaller and ERA a 
given d carbon paper, and he was ency can be traced to the viae p 
of fox exercises requiring modulation all cases, T is the pus size = id 
fiv ce so that he would go through preceding letters, and is also a cap 85 
ae sheets, four sheets, three sheets, Since capital letters are followed by 
ang two sheets. He was instructed to small letters, these T’s control the size 
Ws of the small letters that follow them. 
s a later session, his letter size The first T in the second a pro- 

8 erratic, he was asked to letter duces a TOW of smaller letters ollow- 
the familiar, "Now is the time...” ing it, and the first T in the third 
Phrase. Figure 3 presents that initial line takes off from this size and again 
attempt. The paper is lined, and the cuts down the size of the following 
writing starts out filling up the space letters until the final T produces a 
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Figure 3 
Stimulus control of ensuing letter size 
by writing T as capital of same size as 
preceding letter. 


tinier Y. S was instructed to write his 
T’s so that they were larger than the 
preceding letters. Figure 4 reiterates 
the control this letter had over the 
following letters. The letters which 
follow T are smaller than T, but since 
T is above the line they stay within 
the line. The effect has been reversed, 
demonstrating a causal relation. In- 
cidentally, since T is the second most 
frequently used letter in English, it 
is a powerful source of control. In a 
later session, S was instructed to differ- 
entiate between capital and small T. 

The passage presented is the same 
as that in Figure 2, The change in 
legibility is evident. The numerous 
spelling errors are of interest, As long 
as the writing is undecipherable, spell- 
ing errors can not be noted and cor- 
rected. 

Many letters contain simil 
For example, the letters à, b, d, o, p, 
and q all contain a complete circle of 
the same size. These circles are modi- 
fied in letters such as c and e. S was 
instructed. to bring an assortment. of 
buttons to the session and a suitable 
button was found for him to use for 
these letters, with other buttons for 
other letters. He was also instructed 
in other principles of writing. He 
practiced at home and brought his 
material in weekly. After a period of 
lettering, $ was instructed to link his 
letters in an effort to produce cursive 
writing. 


ar forms. 


Figure 4 


Reversal of effect by writing T above linc. 


His handwriting improved markedly 
during this period, and he rose from 
28th in his class to 13th, The under- 
graduate assistant? who worked with 
him at home paid him money for 
lines completed and, as long as this 
procedure was used, S's handwriting 
was legible and showed evidence of 
training. When this pay was dropped, 
the handwriting deteriorated. Al- 
though legible handwriting was now 
contingent upon reinforcement, dif— 
ferential reinforcement alone would 
not have produced the new behavior. 
Indeed, without making them con- 


lingent upon a program to alter be- 
havior, 


differential consequences may 
be ine 


flective and may result in aver- 
sive control, as did 


the poor grades 
tained. Now that 


the nagging and 
he consistently ob- 
S has the new be- 


?] wish to express my 
Richard David, then 


chology major, who 
sessions and assiste. 


appreciation to Mr. 
àn undergraduate psy- 
brought $ to and from 
d in them. 
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havior, differential consequences can 
be applied to maintain it; hopefully, 
these will be provided by society. The 
requirement of extrinsic consequences 
ben probably related to difficult con- 
ditions at home. He had no desk or 
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s mother. 
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kept of the total number of hours 
spent in study, for each course and 
for the total day. 

At that time S studied for an average 
of six hours a day, but his study hours 
were not evenly distributed among the 
various classes. Figure 5 presents the 


HOURS 


^ 
ERU 


Figure 5 
Daily study charts for class with one ex- 
amination (upper), and class with daily 


recitations (lower). 


study curves for two different courses. 
The upper curve depicts minimal 
studying, except for one peak. Guess 
test was given? This fixed 
interval curve characterizes the be- 
havior of pigeons, as well. The lower 
part of the curve represents the study- 
ing pattern for a language class which 
involved a daily recitation. $ studied 
at regular intervals. These curves so 
impressed me that I instituted daily 
quizzes in my classes, and was gratified 
to see the averages rise. 

Every week, S brought his note- 
books, his examinations, and his 
weekly records for inspection and dis- 
cussion. Different procedures for keep- 


when the 
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ing notes were developed for each 
course. In the foreign language, for 
example, a separate sheet was kept for 
masculine and feminine nouns, and 
for each verb class. Grammatical 
classes represent similar ways of treat- 
ing a word. By putting words of the 
same grammatical class together, there 
may be generalization from the 
changes learned for one word to the 
changes learned for another. Flash 
cards may not lend themselves to such 
generalization. 

S was taught to outline social science 
texts, He was asked to be a detective 
and resurrect the author's outline 
(where he had one). Red and black 
ink were used for headings and en- 
tries. The outlines were topical rather 
than sentence outlines. This required 
restating the sentences in his words, 
rather than copying them from the 
book. 

In English, we were both at a loss. 
Several novels were required, and 
neither one of us knew what should 
be considered. We used the conven- 
tional procedure to find out, namely, 
the first exam. This told us what the 
instructor considered to be the termi- 
nal behaviors. 

At the end of the first semester, S's 
grades changed from the two D's and 
three E's of the preceding semester to 
two C's and two D's. Although this 
was an improvement, onc class was 
dropped. I was disturbed since I felt 
that, with this much study and careful 
outlining, S should have obtained A's. 
A more detailed analysis was then 
undertaken. 

S was taking a course in inter- 
national trade, for which a knowledge 
of geography is requisite. He said that 
he knew his geography quite well and 
was asked to draw a map of South 
America. Figure 6 presents the map 
he drew. Brazil extends from sea to 


Figure 6 
Map of South America drawn from mem- 
ory by college junior taking a course in 
international trade. 


shining sea.“ 


he body of water above 
Venezuela is designated Lake Mara- 
caibo, and Boliva is north of Peru and 
abuts on Venezuela. 

I asked S what grade he would as- 
sign himself for this map, and he 
looked at it confidently and said, “Oh, 
75 per cent or a C." I said that I 
would give him 90 per cent. Inciden- 
tally, in work with other S's since then 
who have trouble with history, I have 
often found that they lack knowledge 
of geography, and even of map-read- 


ing. 


Accordingly, historical move- 
ments become disconnected facts 
which have to be learned for each 
case. 


This map may be used to exemplify 
a behavioral definition of stupidity: 
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Many behaviors require other be- 
haviors as prerequisites for their ac- 
quisition and maintenance. It is pos- 
sible that, in one form of stupidity, 
the prerequisites to the attempted 
behavior are absent, as well as those 
discriminative behaviors which differ- 
entiate the presence of adequate be- 
haviors from their absence. Stated 
otherwise, the person we call stupid 
is lacking certain behaviors, but be- 
haves as if he is not so lacking. He 
does not know to ask. He confidently 
undertakes assignments and often 
Starts out successfully. However, where 
the new behaviors require older ones 
and these are missing, we may obtain 
the egregious blunders we call stupid. 
The blunders may be unpredictable 
to us simply because, in a long se- 
quence, there are too many places in 
which deficits can occur for us to have 
Come across every one. 
i These behavioral deficiencies were 
Pe hnius area after another. Since 
ss. s 155 ing courses which had as pre- 
luisites other courses, which he had 
passed with D's, he was being required 
to; acquire new behaviors when the 
5 foundation for them was 
ha Re aky. Accordingly, we "re: 
T to the freshman texts in those 
ses in which he had obtained a D. 
P lapis were deficiencies here, as 
eed » economics texts, Humpty- 
Sedes ma quoted to the effect that 
ib aie RE what he intended them 
an. The point here was that the 
€conomist's use of words might differ 
pou their common usage. Humpty- 
5 Pon appeared in red in S's notes. 
ew that Humpty-Dumpty was an 
€gg who fell. I asked why the egg led 
his paragraph, and could obtain no 
answer. It turned out that S had not 
read Alice in Wonderland, nor any of 
the childhood classics, nor for that 
matter Tom Swift, nor even comic 
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books. He simply did no home read- 
ing as a child. 

] had obtained excellent control 
over S’s behavior, but this was like 
successfully getting someone to work 
six hours a day copying Chinese letters 
with a brush, without his ever having 
learned how to hold a brush or what 
the significant calligraphic nuances 
were. I suggested a program of visit- 
ing the art galleries, listening to con- 
certs, reading the classics, and other- 
wise acquiring the behaviors relevant 
to our cultural heritage. 

There are two types of behavioral 
sequences. In one type of sequence, 
called the chaining sequence, a chain 
of behavior is maintained by the con- 
sequences attached to the last element 
in the chain. Thus, Lundin (1961) re- 
ports a rat who went through various 
behavioral gyrations, then up five 
stories and down an elevator. All of 
these behaviors were maintained by 
the food he received at the end. In 
this type of sequence, the order of 
training is the reverse of the chrono- 
logical order in which the sequence of 
behavior is performed. The pressing 
of the lever for food was established 
first. This was made contingent upon 


manipulation of the elevator. Then 
the ride in the elevator was made con- 
and 


n the preceding step 
so on. The entire chain was main- 
tained by the food. Thus, if the prod- 
uct of education is not reinforcing, 
the behaviors which lead to it may 


t be maintained. Chaining was also 
ight reduction 


in the wel 
television no 


tingent upo 


no 
exemplified 
case, when watching 
longer served as a consequence of go- 
ing to open the refrigerator. ' 
Another type of sequence, which 
we shall call the systematic sequence, 
is exemplified in the case of this stu- 
dent. A systematic sequence can be 
compared to a course or an educa- 
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tional curriculum: the acquisition of 
one behavior depends upon the prior 
existence of another, just as the ac- 
quisition of new knowledge depends 
upon a grasp of other presupposed 
knowledge. Thus, in order to learn 
algebra, we must know how to read. 
In order to learn to read, a certain de- 
gree of socialization must first occur. 
Such curricula exist not only in aca- 
demic subjects, but are implicit in 
other types of behavior as well. It is 
entirely possible, for example, that 
certain behaviors necessary for mari- 
tal success presuppose the existence of 
other interpersonal behaviors, whose 
acquisition depends upon the exist- 
ence of yet other behaviors. 

Stated otherwise, there are be- 
havioral curricula involved in almost 
all behaviors. Where the present be- 
havioral deficit exists because an 
earlier behavior was not acquired, a 
procedure which attempts to correct 
the ongoing deficit must consider 
some of the earlier deficits of which 
the present one may be an outgrowth. 
When this is true, in contrast to the 
first marital case presented, discussion 
of childhood may be necessary. 

The cases presented here have in- 
volved different behavioral deficits. 
Although the content or the topogra- 
phy of these and other behaviors dif- 
fer, the functional relations of such 
differing behaviors to their environ- 
ment may be similar. This may be 
true not only where the differences 
are in such categories as marital or 
academic, both of which involve hu- 
man behavior, but also where the dif- 
ferences categorize species. Pigeons 
peck, and people talk. Topographi- 
cally these are different behaviors. 
However, if the consequences which 
maintain pecking are scheduled ina 
certain manner, and the (quite differ- 
ent) consequences which maintain 


speech are scheduled in the same man- 
ner, then the differing behaviors of 
pecking and speech will undergo simi- 
lar changes in rate. It is upon this 
functional, or dynamic, similarity in 
the relation of behavior to its environ- 
ment that the possibility of the exten- 
sion of procedures from the laboratory 
to the clinic rests. It also suggests that 
problems in the clinic may be used 
for research in the laboratory. 

The cases presented here demon- 
strate a simple application of certain 
self-control procedures derived from 
the laboratory. As was explicitly indi- 
cated earlier, they are not intended to 
supplant or question other more com- 
plex procedures (for a more extended 
analysis see Goldiamond, Dyrud, and 
Miller, 1965). However, we are cur- 
rently examining some of these com- 
plex procedures, and are discovering 
that the explicit language of the labo- 
ratory may be very useful in analyzing 
and describing some of the behavioral 
transactions and changes that go on 
in other forms of psychotherapy (Gol- 
diamond, Dyrud, and Miller, 1965). 
Developments in other areas where 
explicit analysis is utilized may be 
considered for their relevance to psy- 
chotherapy, and psychotherapy, by a 
reverse lend-lease, may suggest areas of 
investigation under more controlled 
procedures (Goldiamond, 1966). 

Laboratory research has necessarily 
been characterized by a simplicity of 
procedures and concepts, and their 
extension to the solution of complex 
human problems requires consider- 
able precaution and careful examina- 
tion. Nevertheless, these procedures 
and concepts may provide methods 
for the analysis and restatement of 
complex problems in observable and 
manipulable terms and may thereby 
assist in the explicit assessment of be- 
havioral change and effectiveness. 
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The cases presented here involve 
behavioral problems which could be 
analyzed by the Ss themselves. This 
training of S to become his own 
therapist is one of the goals of most 
branches of psychotherapy. The 
method used to accomplish this will 
depend on the state of the art, the 
Nature of the problem, $'s past his- 
tory, and social and other constraints 
Upon $'s behavior. In some cases, these 
factors may dictate a strategy of not 
Instructing S, or not having him de- 
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fine the problem or discover its so- 
lution immediately, since such a pro- 
cedure may disrupt other behaviors 
and the consequences currently main- 
taining them. The course of treatment 
might then be considerably different 
from any of those discussed here. 
Other problems and possible pro- 
cedures could be cited as well. But 
the cases presented here suggest that, 
in some areas at least, simple pro- 
cedures can lead to complex changes. 


B. F. Skinner is in many ways the intellectual father of the be- 
havior modification techniques described in the previous two articles. 
The following excerpt, taken from a book by Skinner published in 1953, 
was written before the more detailed studies which you have just read 
had been completed. Although the chapter appe 


ars a bit naive in places, 
it does an honorable job presenting 


the extreme point of view that all 
of human behavior can properly be thought of as responses with strengths 
which are changed as a result of reinforcement or non-reinforcement. 
In this chapter Skinner considers a variety of techniques available by 
which someone can influence future consequences of his own behavior. 
He cites the alarm clock as a simple example of this sort. One of your 
editors found a simple alarm clock ineffective for controlling his morn- 
ing behavior and had to resort to a more elaborate stratagem: he locked 
the alarm clock, together with a pot of coffee, inside a wooden chest 
which was then closed with a combination padlock. When the alarm 
clock sounded he had to turn on a light and ge 
open the combination padlock. As soon 


the alarm clock, the coffee pot was immediately available to help sustain 
the waking state. Such extreme arrangements may be rather unusual but 
they indicate the length to which one may go in setting up special en- 


vironments in which his own behavior will be differentially controlled. 
As you read this article think of additional examples from your own 
experience to add to the lists given by Skinner. Do you think that all 


t sufficiently awake to 
as he had done so, and turned off 


self-control is of this general sort? 
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Some degree of “self-determination” 
of conduct is usually recognized in 
the creative behavior of the artist and 
scientist, in the self-exploratory be- 
havior of the writer, and in the self- 
discipline of the ascetic. Humbler ver- 
sions of self-determination are more 
familiar. The individual “chooses” 
between alternative courses of action, 
“thinks through” a problem while 
isolated from the relevant environ- 
ment, and guards his health or his 
position in society through the exer- 
cise of “self-control.” 

Any comprehensive account of hu- 
man behavior must, of course, em- 
brace the facts referred to in state- 
ments of this sort. But we can achieve 
this without abandoning our program. 
When a man controls himself, chooses 
a course of action, thinks out the so- 
lution to a problem, or strives toward 
an increase in self-knowledge, he is 
behaving. He controls himself pre- 
cisely as he would control the be- 
havior of anyone else—through the 
manipulation of variables of which 
behavior is a function. His behavior 
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in so doing is a proper object of 
analysis, and eventually it must be ac- 
counted for with variables lying out- 
side the individual himself. 

It is the purpose of Section III to 
analyze how the individual acts to 
alter the variables of which other parts 
of his behavior are functions, to dis- 
tinguish among the various cases 
which arise in terms of the processes 
involved, and to account for the be- 
havior which achieves control just as 
we account for behavior of any other 
kind. The present chapter concerns 
the processes involved in self-control, 
taking that term in close to its tradi- 
tional sense.. . . The two sets of 
techniques are different because in 
self-control the individual can identify 
the behavior to be controlled while 
in creative thinking he cannot. The 
variables which the individual utilizes 
in manipulating his behavior in this 
way are not always accesssible to 
others, and this has led to great mis- 
understanding. It has often been con- 
cluded, for example, that self-disci- 
pline and thinking take place in a 
nonphysical inner world and that 
neither activity is properly described 
as behavior at all. We may simplify 
the analysis by considering examples 
of self-control and thinking in which 
the individual manipulates external 
variables, but we shall need to com- 
plete the picture by discussing 
Status of private events in a science 
of behavior. A purely private event 
would have no place in a study of be- 
havior, or perhaps in any science; but 
events which are, for the moment at 
least, accessible only to the individual 
himself often occur as links in chains 
of otherwise public events and they 
must then be considered. In self-con- 
trol and creative thinking, where the 


the 


individual is largely engaged in ma- 
nipulating his own behavior, this is 
likely to be the case. 

When we say that a man controls 
himself, we must specify who is con- 
trolling whom. When we say that he 
knows himself, we must also distin- 
guish between the subject and object 
of the verb. Evidently selves are mul- 
tiple and hence not to be identified 
with the biological organism. But if 
this is so, what are they? What are 
their dimensions in a science of be- 
havior? To what extent is a self an 
integrated personality or organism? 
How can one self act upon another? 
The interlocking systems of responses 
which account for self-control and 
thinking make it possible to answer 
questions of this sort satisfactorily. 
We can do this more conveniently, 
however, when the principal data are 
at hand. Meanwhile, the term "self" 
will be used in a less rigorous way. 


“Self-Control” 


The individual often comes to con- 
trol part of his own behavior when a 
response has conflicting consequences 
—when it leads to both positive and 
negative reinforcement. Drinking al- 
coholic beverages, for example, is 
often followed by a condition of un- 
usual confidence in which one is more 
successful socially and 
forgets responsibilities, anxieties, and 
other troubles. Since this is positively 
reinforcing, it increases the likelihood 
that drinking will take place on fu- 
ture occasions. But there are other 
consequences—the physical illness of 
the "hang-over" and the possibly dis- 
astrous effects of overconfident or 
irresponsible behavior—which are neg- 


in which one 


atively reinforcing and, when contin- 
gent upon behavior, represent a form 
of punishment. If punishment were 
simply the reverse of reinforcement, 
the two might combine to produce 
an intermediate tendency to drink, 
but we have seen that this is not the 
Case. When a similar occasion arises, 
the same or an increased tendency to 
drink will prevail; but the occasion as 
well as the early stages of drinking 
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techniques are employed in control- 
ling the behavior of others. A fairly 
exhaustive survey at this point will 
illustrate the process of self-control 
and at the same time serve to sum- 
marize the kind of control to be em- 
phasized in the chapters which follow. 


Techniques of Control 


PHYSICAL RESTRAINT AND PHYSICAL AID 

We commonly control behavior 
through physical restraint. With 
locked doors, fences, and jails we 
limit the space in which people move. 
With strait-jackets, gags, and arm 
braces we limit the movement of parts 
of their bodies. The individual con- 
trols his own behavior in the same 
way. He claps his hand over his mouth 
to keep from laughing or coughing 
or to stifle a verbal response which is 
seen at the last moment to be a “bad 
break.” A child psychologist has sug- 
gested that a mother who wishes to 
keep from nagging her child should 
seal her own lips with adhesive tape. 
The individual may jam his hands 
into his pockets to prevent fidgeting 
or nail-biting or hold his nose to keep 
from breathing when under water. He 
may present himself at the door of an 
institution for incarceration to control 
his own criminal or psychotic be- 
havior. He may cut his right hand off 


lest it offend him. z 
In each of these examples we iden- 


tify a controlling response, which 
imposes some degree of physical re- 
straint upon a response to be con- 


trolled. To explain the existence and 
of the controlling behavior 

the reinforcing circum- 
i arise when the response 
Clapping the 


strength 
we point to 
stances whicl 
has been controlled. 
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hand over the mouth is reinforced and 
will occur again under similar cir- 
cumstances because it reduces the aver- 
sive stimulation generated by the 
cough or the incipient bad break. 
Veces [JOS controlling response avoids 
the negatively reinforcing conse- 
quences of the controlled response. 
The aversive consequences of a bad 
break are supplied by a social environ- 
ment; the aversive consequences of 
breathing under water do not require 
the mediation of others. 

Another form of control through 
physical restraint is simply to move 
out of the situation in which the be- 
havior to be controlled may take place. 
The parent avoids trouble by taking 
an aggressive child away from other 
children, and the adult controls him- 
self in the same way. Unable to con- 
trol his anger, he simply walks away. 
This may not control the whole emo- 
tional pattern, but it does restrain 
those features which are likely to have 
serious consequences. 

Suicide is another form of self-con- 

trol. Obviously a man does not kill 
himself because he has previously es- 
caped from an aversive situation by 
doing so. As we have already seen, 
suicide is not a form of behavior to 
which the notion of frequency of re- 
sponse can be applied. If it occurs, 
the components of the behavior must 
have been strengthened separately. 
Unless this happens under circum- 
stances in which frequency is an avail- 
able datum, we cannot say meaning- 
fully that a man is “likely or unlikely 
to kill himself"—nor can the individ- 
ual say this of himself. Some instances 
of suicide, but by no means all, follow 
the pattern of cutting off one's right 
hand that it may not offend one; the 
military agent taken by the enemy 
may use this method to keep himself 
from divulging secrets of state. 


A variation on this mode of control 
consists of removing the situation, so 
to speak, rather than the individual. 
A government stops  inflationary 
spending by heavy taxation—by re- 
moving the money or credit which is 
a condition for the purchase of goods. 
A man arranges to control the behav- 
ior of his spendthrift heir by setting 
up a trust fund. Non-coeducational in- 
stitutions attempt to control certain 
kinds of sexual behavior by making 
the opposite sex inaccessible. The in- 
dividual may use the same techniques 
in controlling himself. He may leave 
most of his pocket money at home to 
avoid spending it, or he may drop 
coins into a piggy bank from which it 
is difficult to withdraw them. He may 
put his own money in trust for him- 
self. H. G. Wells's Mr. Polly used a 
similar procedure to distribute his 
funds over a walking trip. He would 
mail all but a pound note to himself 
at a village some distance along his 
route. Arriving at the village, he 
would call at the post office, remove 
a pound note, and readdress the bal- 
ance to himself at a later point. 

In a converse technique we increase 
the probability of a desirable form of 
behavior by supplying physical aid. 
We facilitate human behavior, make 
it possible, or expand and amplify its 
consequences with various sorts of 
equipment, tools, and machines. When 
the problem of self-control is to gen- 
erate a given response, we alter our 
own behavior in the same way by ob- 
taining favorable equipment, making 
funds readily available, and so on. 


CHANGING THE STIMULUS 


Insofar as the preceding techniques 
operate through physical aid or re- 
straint, they are not based upon a be- 


havioral process. There are associated 
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our finger or make an entry in a date 
book to serve as the occasion for ac- 
tion at an appropriate time. Some- 
times we present stimuli because the 
resulting behavior displaces behavior 
to be controlled—we “distract” our- 
selves just as we distract others from 
a situation which generates undesir- 
able behavior. We amplify stimuli 
generated by our own behavior when 
we use a mirror to acquire good car- 
riage or to master a difficult dance 
step, or study moving pictures of our 
own behavior to improve our skill in 
a sport, or listen to phonograph re- 
cordings of our own speech to im- 
prove pronunciation or delivery. 
Conditioning and extinction pro- 
vide other ways of changing the ef- 
fectiveness of stimuli. We arrange for 
the future effect of a stimulus upon 
ourselves by pairing it with other 
and we extinguish reflexes 
g ourselves to conditioned 
stimuli when they are not accompa- 
reinforcement. If we blush, 
some other emotional 
response under certain circumstances 
because of an unfortunate episode, 
we may expose ourselves to these cir- 
cumstances under more favorable con- 
ditions in order that extinction may 


take place. 


stimuli, 
by exposin 


nied by 
sweat, or exhibit 


DEPRIVING AND SATIATING 


An impecunious person may make 
the most of an invitation to dinner by 
skipping lunch and thus creating a 
high state of deprivation in which he 
will eat a great deal. Conversely, he 
may partially satiate himself with a 
light lunch before going to dinner in 
order to make the strength of his in- 
gestive behavior less conspicuous. 
When a guest prepares himself for an 
assiduous host by drinking a large 
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amount of water before going to a 
cocktail party, he uses self-satiation as 
a measure of control. 

Another use is less obvious. In 
Women in Love, D. H. Lawrence de- 
scribes a practice of self-control as fol- 
lows: 


A very great doctor... told me 
that to cure oneself of a bad habit, one 
should force oneself to do it, when one 
would not do it;—make oneself do it— 
and then the habit would disappear. 
II you bite your nails, for ex. 
ample, then when you don't want to 
bite your nails, bite them, make your- 
self bite them. And you would find 
the habit was broken. 


This practice falls within the pres- 
ent class if we regard the behavior of 
"deliberately" biting one's finger nails, 
or biting a piece of celluloid or sim- 
ilar material, as automatically satiat- 
ing. The practice Obviously extends 
beyond what are usually called “bad 
habits." For example, if we are un- 
able to work at our desk because of 
a conflicting tendency to go for a walk, 
a brisk walk may solve the problem— 
through satiation. 

A variation on this practice is to 
satiate one form of behavior by engag- 
ing in a somewhat similar form. Heavy 
exercise is often recommended in 
the control of sexual behavior on the 
assumption that exercise has enough 
in common with sexual behavior to 
produce a sort of transferred satiation. 
(The effect is presumed to be due to 
topographical overlap. rather than 
sheer exhaustion.) A similar overlap 

may account for a sort of transferred 
deprivation. T he practice of leaving 
the table while still hungry has been 
recommended as a way of generating 


good work habits. Presumably for the 
same reason the vegetarian may be 
especially alert and highly efficient be- 
cause he is, in a sense, always hungry. 
Self-deprivation in the field of sex has 
been asserted to have valuable conse- 
quences in distantly related fields—for 
example, in encouraging literary or 
artistic achievements. Possibly the evi- 
dence is weak; if the effect does not 
occur, we have so much the less to 
explain. 


MANIPULATING EMOTIONAL 
CONDITIONS 


We induce emotional changes in 
ourselves for purposes of control. 
Sometimes this means simply present- 
ing or removing stimuli. For example, 
we reduce or eliminate unwanted 
emotional reactions by going away for 
a "change of scene“ chat is, by remov- 
ing stimuli which have acquired the 
power to evoke emotional reactions 
because of events which have occurred 
in connection with them. We some- 
times prevent emotional behavior by 
eliciting incompatible responses with 
appropriate stimuli, as when we bite 
our tongue to keep from laughing on 
a solemn occasion. 

We also control the predispositions 
which must be distinguished from 
emotional responses. A master of cere- 
monies on a television program pre- 
disposes his studio audience toward 
laughter before going on the air—pos- 
sibly by telling jokes which 
permissible on the air. The same 
procedure is available in self-control. 
We get ourselves into a “good mood” 
before a dull or trying appointment 
to increase the probability that we 
shall behave in a socially acceptable 
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in appropriate ways—for example, by 
using the “cures” for the tobacco and 
alcohol habits already described. We 
also control ourselves by creating ver- 
bal stimuli which have an effect upon 
us because. of past aversive conse- 
quences paired with them by other 
people. A simple command is an aver- 
sive stimulus—a threat—specifying the 
action which will bring escape. In get- 
ting out of bed on a cold morning, the 
simple repetition of the command 
"Get up" may, surprisingly, lead to 
action. The verbal response is easier 
than getting up and easily takes prece- 
dence over it, but the reinforcing con- 
tingencies established by the verbal 
community may prevail. In a sense 
the individual “obeys himself." Con- 
tinued use of this technique may lead 
to a finer discrimination between com- 
mands issued by oneself and by others, 
which may interfere with the result. 

We prepare aversive stimuli which 
will control our own future behavior 
when we make a resolution. This is 
essentially a prediction concerning our 
own behavior. By making it in the 
sence of people who supply aver- 
prediction is 


pre 
sive stimulation when a 
not fulfilled, we arrange consequences 
which are likely to strengthen the be- 
havior resolved upon. Only by be— 
having as predicted can we escape the 
aversive consequences of breaking our 
resolution. As we shall see later, the 
aversive stimulation which leads us to 
keep the resolution may eventually be 
supplied automatically by our own be- 
havior. The resolution may then be 
effective even in the absence of other 


people. 
Dnvcs 

We use drugs which simulate the 
effect of other variables in self-con- 
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trol. Through the use of anesthetics, 
analgesics, and soporifics we reduce 
painful or distracting stimuli which 
cannot otherwise be altered easily. 
Appetizers and aphrodisiacs are some- 
times used in the belief that they du- 
plicate the effects of deprivation in the 
fields of hunger and sex, respectively. 
Other drugs are used for the opposite 
effects. The conditioned aversive stim- 
uli in "guilt" are counteracted more 
or less effectively with alcohol. Typi- 
cal patterns of euphoric behavior are 
generated by morphine and related 
drugs, and to a lesser extent by caf- 
feine and nicotine. 


OPERANT CONDITIONING 


The place of operant reinforcement 
in self-control is not clear. In one 
sense, all reinforcements are self-ad- 
ministered since a response may be 
regarded as “producing” its reinforce- 
ment, but “reinforcing one’s own be- 
havior” is more than this. It is also 
more than simply generating circum- 
stances under which a given type of 
behavior is characteri tically rein- 
forced—for example, by 


associating 
with friends who reinforce only 
“good” behavior. This is simply a 


chain of responses, an early member 
of which (associating with a particular 
friend) is strong because it leads to 
the reinforcement of a later member 
(the “good” behavior). 
Self-reinforcement of operant behav- 
ior presupposes that the individual 
has it in his power to obtain rein- 
forcement but does not do so until a 
particular response has been emitted. 
This might be the case if a man 
denied himself all social contacts until 
he had finished a particular job. Some- 


thing of this sort unquestionably hap- 
pens, but is it operant reinforcement? 
It is certainly roughly parallel to the 
procedure in conditioning the behav- 
ior of another person. But it must be 
remembered that the individual may 
at any moment drop the work in hand 
and obtain the reinforcement. We 
have to account for his not doing so. 
It may be that such indulgent be- 
havior has been punished—say, with 
disapproval—except when a piece of 
work has just been completed. The in- 
dulgent behavior will therefore gen- 
erate strong aversive stimulation ex- 
cept at such a time. The individual 
finishes the work in order to indulge 
himself free of guilt. The ultimate 
question is whether the consequence 
has any strengthening effect upon the 
behavior which precedes it. Is the in- 
dividual more likely to do a similar 
piece of work in the future? It would 
not be surprising if he were not, al- 
though we must agree that he has ar- 
ranged a sequence of events in which 
certain behavior has been followed by 
a reinforcing event, 

A similar question arises as to 
whether one can extinguish one's own 
behavior, Simply emitting a 
which is not reinforced is 


response 


not self- 
control, nor is behavior which simply 
brings the individual into circum- 


stances under which 
of behay 
extincti 
trolling 


à particular form 
ior will go unreinforced. Self- 
on seems to mean that a con- 

response must arrange the 
lack of consequence; the individual 
Must step in to break the connection 
between response and reinforcement. 
This appears to be done when, for ex- 
ample, a television set is put out of 
order so that the response of turning 
the switch is extinguished. But the ex- 
tinction here is trivial; the primary 


effect is the removal of a source of 
stimulation. 


PUNISHMENT 
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of guilt or a fear of illness or death. 
The ultimate question of aversive 
self-stimulation is whether a practice 
of this sort shows the effect which 
would be generated by the same stim- 
ulation arranged by others. 


“Doinc SOMETHING ELSE“ 


One technique of self-control which 
has no parallel in the control of 
others is based upon the principle of 
prepotency. The individual may keep 
himself from engaging in behavior 
which leads to punishment by ener- 
getically engaging in something else. 
A simple example is avoiding flinch- 
ing by a violent response of holding 
still. Holding still is not simply "not- 
flinching." It is a response which, if 
executed strongly enough, is prepo- 
tent over the flinching response. This 
is close to the control exercised by 
others when they generate incompat- 
ible behavior. But where another 
person can do this only by arranging 
external variables, the individual ap- 
pears to generate the behavior, so to 
speak, simply by executing It. A fa- 
miliar example is talking about some- 
thing else in order to avoid a particu- 
lar topic. Escape from the aversive 
stimulation. generated by the topic 
appears to be responsible for the 
strength of the verbal behavior which 


displaces it. 

In the field of emotion a more spe- 
cific form of "doing something else" 
may be especially effective. Emotions 
tend to fall into pairs—fear and anger, 
love and hate—according to the direc- 
tion of the behavior which is strength- 
ened. We may modify a man’s behav- 
ior in fear by making him angry. His 
behavior is not simply doing some- 
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thing else; it is in a sense doing the 
opposite. The result is not prepotency 
but algebraic summation. The effect 
is exemplified in self-control when we 
alter an emotional predisposition by 
practicing the opposite emotion— 
reducing the behavioral pattern in 
fear by practicing anger or noncha- 
lance, or avoiding the ravages of 
hatred by "loving our enemies.” 


The Ultimate Source of Control 


A mere survey of the techniques of 
self-control does not explain why the 
individual puts them into effect. This 
shortcoming is all too apparent when 
we undertake to engender self-con- 
trol. It is easy to tell an alcoholic that 
he can keep himself from drinking 
by throwing away available supplies 
of alcohol; the principal problem is to 
get him to do it. We make this con- 
troliing behavior more probable by 
arranging special contingencies of re- 
inforcement. By punishing drinking 
—perhaps merely with "disapproval" 
—we arrange for the automatic rein- 
forcement of behavior which controls 
drinking because such behavior then 
reduces conditioned aversive stimula- 
tion. Some of these additional conse- 
quences are supplied by nature, but 
in general they are arranged by the 
community. This is indeed the whole 
point of ethical training. It appears, 
therefore, that society is responsible 
for the larger part of the behavior of 
self-control. If this is correct, little 
ultimate control remains with the in- 
dividual. A man may spend * Brest 
deal of time designing his own life— 
he may choose the circumstances in 
which he is to live with great care, 
and he may manipulate his daily en- 


vironment on an extensive scale. 


Such activity appears to exemplify a 
high order of self-determination. But 
it is also behavior, and we account for 
it in terms of other variables in the 
environment and history of the indi- 
vidual. It is these variables which 
provide the ultimate control. 

This view is, of course, in conflict 
with traditional treatments of the sub- 
ject, which are especially likely to cite 
self-control as an important example 
of the operation of personal responsi- 
bility. But an analysis which appeals 
to external variables makes the as- 
sumption of an inner originating and 
determining agent unnecessary. The 
scientific advantages of such an anal- 
ysis are many, but the practical ad- 
vantages may well be even more im- 
portant. The traditional conception 
of what is happening when an indi- 
vidual controls himself has never been 
successful as an educational device. 
It is of little help to tell a 
use his "will power" or his "self- 
control." Such an exhortation may 
make self-control slightly more prob- 
able by establishing additional aver- 
sive consequences of failure to con- 
trol, but it does not help anyone to 
understand the actual processes. An 
alternative analysis of the behavior 
of control should make it possible to 
teach. relevant techniques as easily as 
any other technical repertoire. It 
should also improve the procedures 
through. which society maintains self- 
controlling behavior in strength. As a 
science of behavior reveals more 
clearly the variables of which behav- 
lor is a function, these possibilities 
should be greatly increased. 

It must be remembered that for- 
mulae expressed in terms of personal 
responsibility underlie many of our 
Present techniques of control and 


man to 


cannot be abruptly dropped. To ar- 
range a smooth transition is in itself 
a major problem. But the point has 
been reached where a sweeping re- 
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vision of the concept of responsibility 
is required, not only in a theoretical 
analysis of behavior, but for its prac- 
tical consequences as well. . . . 


Do you believe in Honeywell ? 
No, I'm an IBM. 
Why do you new models try to 
look & act so strangely ? 
Our programs are improvements 
over your obsolete generation. 
I Sa you'd like the Lands 
to HARTA You must admit to 
their inferiority in programming & 
design, Theyre impossible p read— 
€ hostile, We must de-energize them f 
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Occasionally in the development of a scientific or artistic field a 
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mately have to be taken account of if 
the study of brain mechanisms and 
the study of language are to have any 
real connection. 

The straightforward to ap- 
proach this question would be ac- 
tually to sketch what seem to be well 


way 
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substantiated properties of language. 
However, I don’t know if I can do 
this in comprehensible fashion within 
the time limitations. Therefore, I will 
try to do it informally, using exam- 
ples and rather metaphorical remarks 
to try to give some indication of the 
kinds of properties that must ulti- 
mately be accounted for by any neuro- 
logical theory which hopes to get to 
the root of the matter. 

I think it might be useful to be- 
gin the discussion by referring to sev- 
eral points that have already been 
raised in the last few days. In particu- 
lar, I was interested in the question 
about whether it makes any sense to 
study, or whether there is any useful 
purpose served in studying, animal 
communication systems within the 
same framework as human language. 
Some skepticism was raised about this, 
and I must say that I myself rather 
share this skepticism. It seems to me 
there is no striking similarity between 
animal communication systems and 
human language. If we rise to the 
level of abstraction at which human 
language and animal communication 
systems fall together, then we find 
plenty of other things incorporated 
under the same generalizations which 
no one would have regarded as being 
continuous with language or particu- 
larly relevant to the mechanisms of 
language. This is clear, if we con- 
sider the properties which, as was 
pointed out last night, are shared by 
animal communication systems and 
human language: specifically, the 
properties of purposiveness, of having 
syntactic organization, and of being 
proposi ional, in a sense, informative. 

I think it is perfectly true that both 
systems are propositional, syntactic, 
and purposive, in the sense in which 
these terms were used in this discus- 

sion. So are many other things. For 
walking. Walking 


example, consider 


certainly is purposive. It is certainly 
syntactic, that is, it has some global 
organization. It is also informative; 
for example, the rate of speed with 
which someone is walking suggests to 
us how interested he is in his goal. In 
fact, it is perfectly conceivable that 
one could use rate of walking to give 
information about precisely that. 

Or, to take something which one 
might think is, perhaps, a little bit 
closer to language, consider the com- 
mon gestures one uses in helping 
someone park a car. When you in- 
dicate to him by the distance between 
your two hands how far he is from 
the car behind, your actions are pur- 
posive, integrated, and. propositional. 
But, it is unlikely that any significant 
purpose would be served by studying 
such gestures and human language 
within the same framework. In fact, 
if you consider how these various 
systems are purposive, informative, 
and structured, then very striking dif- 
ferences appear between human lan- 
guage, on the one hand, and all the 
Other systems (that is, animal com- 
munication, gesturing, and walking) 
on the other. 

Consider first the matter of infor- 
mativeness. As I understand it, animal 
communication systems are informa- 
tive in one of two ways. Either they 
consist of a finite number, a finite 
population of available signals, OF 
else, in the case where they have an 
infinite number of possibilities, there 
is a finite number of dimensions in the 
"language," each of which is corre- 
lated to some physical, nonlinguistic 
dimension in such a way that by pick- 
ing a point along the linguistic di- 
mension, you uniquely specify a point 
along the correlated. nonlinguistic di- 
mension. 

If I understood Dr. Thorpe's re- 
marks last night concerning birds that 
use alterations of pitch, the "linguis 
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uc” dimension is the number of al- 
ternations in high and low pitch; the 
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and animal communication systems in 
another sense, namely, that the or- 
dinary use of language, like the ordi- 
nary use of animal communication 
systems, is to change behavior, to 
modify thoughts, or something of this 
type. I rather doubt that this is true. 
As a matter of fact, I think there is 
little reason to believe that the pri- 
mary use of language is to modify be- 
havior or modify thought. 

Language can be used for all kinds 
of other purposes. It can be used to 
inform or to mislead, to clarify one’s 
thoughts or to show how clever one is; 
or, in fact, it can be used for play in 
a very general sense, that is, to utilize 
intellectual capacities and maintain 
some feeling of relationship with 
others, or something of this kind. I 
am not using language any less, if I 
do not care whether I convince any- 
one or change anyone's behavior or 
change his thoughts—I am not using 
it any less under those circumstances 
than if I say exactly the same things, 
and I do care whether I convince him 
or or change his 


or change his behavi 
] may be 


thoughts. In either case, 
using language in a perfectly normal 
way. 


If one wants to find out something 
significant. about the nature of lan- 
guage, I think it is important to look 
not at its uses, which may be almost 
any imaginable, but, rather, at its 
structure—to ask what it is, not what 
is done with it. 

Language can be used for a huge 
variety of purposes. On the other 
hand, almost any system that contains 
discriminable stimuli can be used to 
modify behavior or to provide infor- 
mation. It is a mistake, a bad habit, 
to approach the study of language by 
considering its "characteristic" uses. 
For one thing, the general assump- 
tions about what are "characteristic 
uses" are highly suspect. Second, even 
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if correct, these statistical guesses 
would suggest very little about the 
nature of language. The same kind 
of comment can be made about vari- 
ous attempts to "extrapolate" from 
experimental work with animals to 
conclusions about human language. 

It has been brought out in the dis- 
cussion in the last few sessions that 
"linguistic concepts" are rather dif- 
ferent in important respects from 
concepts that are taught by so-called 
"associative learning" concepts speci- 
fied in terms of some set of physical 
properties, such as the concept of 
round object with green spots in it, 
and so on. A good deal of evidence 
was provided concerning the failure 
of cross-modal transfer in the case of 
concepts developed in this fashion. 
Then it was observed that linguistic 
concepts do exhibit cross-modal trans- 
fer and are thus rather different from 
the concepts taught by associative 
learning. It was concluded that it is 
the verbal tag that mediates the cross- 
modal transfer. 

There is another interpretation of 
such data, namely, that the linguistic 
concepts have nothing to do with "as. 
sociative learning,“ that linguistic 
concepts are not characterized in 
terms of a network of physical proper- 
ties. Then, instead of attributing 
cross-modal transfer to the verbal tag, 
we might assume simply that lin- 
guistic concepts (which, in fact, have 
verbal tags) differ in a fundamental 
way from these artificial concepts 
characterized in terms of some net- 
work of physical properties. Actually, 
I think there is good reason to accept 
that latter interpretation; on inde- 
pendent grounds, it is clear that the 
concepts. normally assigned verbal 
tags" are not. in general, characterized 
in terms of physical properties, as are 
the artificial concepts of the concept- 


formation experiments. Concepts 
such as "knife" or "house" are not 
characterized in terms of some set of 
physical properties but are, rather, 
defined in functional terms, as has 
long been known. Ordinary human 
concepts simply do not have the prop- 
erty of being characterizable in terms 
of some collection of physical proper- 
ties. They are concepts of a different 
type. There is no reason to expect the 
very different, arbitrary, and artificial 
concepts taught by "associative learn- 
ing" to share the properties of con- 
cepts of the normal type, which are 
probably not “taught,” 
ing sense of this term. 

Again, to call all these things “con- 
cepts” may be as misleading as to call 
animal communication ystems and 
human language "languages." That 
is, although at some level of abstrac- 
tion the word applies to both, there 
may be fundamental differences be- 
tween them. One has to be careful 
about jumping to the conclusion that 
because such a thing as associative 
learning does exist, because you can 
demonstrate it, it therefore has any- 


thing to do with something else that 
exists, namely, 
In fact, 


in any interest- 


human concepts. 
there are many specific hu- 
man concepts, such as the one I want 
to talk about more specifically, 
namely, the concept of a sentence (of 
English or of any other language) 
which certainly cannot be character- 
ized in terms of some arrangement of 
physical Properties or association OT 
anything else of this kind. It is totally 
out of range of any of these notions. 
With these introductory remarks, 
let me try to Say a few things about 
what seem to be general properties 
of human language, more specifically. 
what it means to have command of a 
language. When a person has com- 
mand of a language, when a person 
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speaker or reader or hearer, is quite 
generally with novel utterances, with 
utterances that have no physical or 
formal similarity to any of the utter- 
ances that have ever been produced 
in the past experience of the hearer 
or, for that matter, in the history of 
the language, as far as anyone knows. 

If you want to convince yourself 
of the truth of this remark, the easiest 
way to do so is to take an arbitrary 
sentence and wait until you hear it, 
or read the New York Times until 
you find it; or take the first sentence 
in the first book in the Library of 
Congress and keep reading until you 
find a repetition of it; or any other 
such test you wish to try. It is rather 
obvious, without trying the "experi- 
ment," that you are unlikely to find 
a repetition, or even an utterance 
which is similar, point by point, in 
category; or anything of this kind. 
Normal use of language has this prop- 
erty of unboundedne It is not a 
matter of matching certain stimuli or 
forms of stimuli against ociated 
meanings or kinds of meanings, or 
anything of this type; but, rather, 
there is some abstract system of rules 
which, in some manner, characterize 
an unbounded meaning-sound corre- 
spondence. The grammar of the lan- 
guage, which is somehow represented 
in the brain, must have this property 
of determining a sound-meaning cor- 
respondence over an infinite range. 
One normally encounters these ab- 
solutely new signals or produces them 
on the appropriate occ sion without 
any feeling of strangeness or feeling 
of novelty. This is the basic, most 
elementary fact that has to be ac- 
counted for by anyone who is inter- 
ested in dealing with the phenomenon 
of human language in a serious way. 
It might be thought that "animal lan- 
guage" also has this property. As ] 
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pointed out before, however, it pro- 
vides for novelty and innovation in a 
very different manner. i 

Let me turn briefly to the question 
of the correspondence between sound 
and meaning. What is the nature of 
the grammar that determines this re- 
lation? Instead of trying to outline the 
structure of grammar and the general 
properties of grammatical structure 
that seem to be universal, what I 
would like to do is to give a few ex- 
amples which illustrate the kind of 
property these grammatical rules 
seem to have, that must somehow be 
accounted for. I think I can probably 
illustrate this with only two or three 
examples. 

I think someone mentioned earlier 
that the "integrity of the sentence," 
what makes it "hang together," is 
determined by relations among suc- 
cessive items. It is quite clear that that 
cannot be the case. The fact that it 
cannot be the case can be seen if you 
look at some very simple examples 
of sentences. Let me give you a couple 
to illustrate. 

Consider the sentence: "What dis- 
turbed John was being disregarded 
by everyone." Consider the sound- 
meaning correspondence. First, we 
must ask how the signal is determined. 
I won't try to argue this here, but 
will simply assert that the form of the 
signal is determined by two factors: 
one, by the choice of words, for ex- 
ample, by the choice of "John" in- 
stead of "Bill"; and second, by the 
phrasing, in the normal sense of gram- 
mar school. It is clearly true that this 

sentence can be bracketed into a sub- 
ject part “What disturbed John" and 
the predicate "was being disregarded 
by everyone." Furthermore, the sub- 
can be identified as a cate- 
particular type, a nominal 
Furthermore, the phrases 


ject part 
gory of a 
category. 


“John” and "everyone" are also cate- 
gories of this nominal type. I won't 
bother with details, but it is clear that 
a labeled bracketing of the sentence 
is an appropriate description of it at 
some level—I will call it level of “sur- 
face structure." This is a psychologi- 
cally real level of structure in the 
sense that the rules determining the 
phonetic form make explicit and es- 
sential reference to this level of struc- 
ture. That is, knowing the intrinsic, 
ideal form of each lexical item, one 
can determine from this labeled 
bracketing the ideal physical form of 
the signal. 

I think this fact plays a role in 
perception as well as in production 
of speech. However, let me put this 
question aside and turn to another 
point, namely, how the semantic con- 
tent of the utterance is represented. 

A very significant fact about seman- 
tic content is that it is not in general 
represented by the system of labeled 
bracketing that constitutes surface 
structure. This is quite obvious if you 
think about this sentence, or almost 
any other you pick. Look more care- 
fully at this sentence. Notice, first, 
that it is ambiguous; that is, it might 
mean that John is disturbed by the 
fact that everyone disregards him. 
That is one sense: “What disturbed 
John was the fact that everyone dis- 
regards him, John.” But the sentence 
has another interpretation, namely, 
that everyone is disregarding the 
thing which disturbs John. There is 
no physical difference between these 
two interpretations. This is easy to 
demonstrate. If you put this same 
signal in two different contexts, you 
force one or the other interpretation. 

The basis for difference of interpre- 
tation, again, to use traditional and 
familiar terms, is the difference in the 
network of grammatical relations one 
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ing at the opposite extreme, that is, 
at two sentences which are essentially 
synonymous. Compare the following 
two sentences: "I expected the doctor 
to examine John" and "I expected 
John to be examined by the doctor." 
There is relationship of paraphrase 
between the two. That is, although 
the surface structure of the two sen- 
tences is clearly quite different—the 
signals are entirely different in labeled 
bracketing—nevertheless, there is 
something in common which deter- 
mines the same interpretation. 
One might be inclined to say 
what makes them the same in mean- 
ing is that the embedded sentences, 
"The doctor examined john" or 
"John was examined by the doctor,” 
have a very simple relation, namely, 
But mat- 


that 


the active-passive relation. 
re not that simple. 
Consider the very analogous sen- 
tences formed by replacing the word 
“expect” by “persuade”: “I persuaded 
the doctor to examine John” and ie 
persuaded John to be examined by 
the doctor.” Although “persuade” 
and “expect” play the same surface 
role, it seems this change has made a 
fundamental difference in the deep 
structure. Though the two sentences 


ters 


with “expect” are paraphrases, the 
two sentences with “persuade” are 
is not 


definitely not paraphrases. It is 
true if I persuaded the doctor to ex- 
amine John, then ] persuaded John 
to be examined by the doctor. But it 
is true that if I expected the doctor 
to examine John, then, in fact, I ex- 
pected John to be examined by the 
doctor, and conversely. There is a 
much more abstract feature of the 
grammatical structure of these sen- 
tences which somehow determines 
their semantic content and does it in 
an entirely nontransparent fashion. 
The two significant facts that I 
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want to draw from this discussion are 
these. First, surface structure of any 
type, and type of labeled bracketing 
of the sentence, any attempt to ac- 
count for the structure of the sen- 
tence in terms of contiguity of parts 
or association between successive parts 
or anything of this type is certainly 
going to fail, as you can see by exam- 
ples of this type, by the fact that what- 
ever it is that determines the struc- 
ture of the sentence completely 
transcends any such representation. 
Whatever it is about the sentence that 
determines its semantic interpretation, 
whatever determines that aspect of 
the sound-meaning correspondence, is 
very different from the organization 
of the utterance into grouped parts, 
even if you categorize the grouped 
parts. 

The second point is that observe 
tions of this very elementary kind il- 
lustrate the point I made before, 
namely, that one's knowledge of a 
language goes well beyond any ex- 
perience and well beyond any pos- 
sible teaching. It is entirely out of 
the question that everyone in this 
room was taught these facts about 
"persuade" and "expect"; in fact, no- 
body even knew them consciously, 
until a couple of years ago; at least, 
there is apparently no grammar of 
English which observes that "per- 
suade" and "expect" differ in this 
respect. Certainly no one was taught 
the fact, yet everyone knows it, and 
knows it without having had experi- 
ence with these sentences or anything 
like that. It is extremely unlikely that 
any of you has ever seen sentences like 
or been presented with some 
indication, by teachers or 
these sentences differ in 
The same is true in the 


these 
kind of 
parents, that 
this fashion. 
case of the first example. 

So, somehow, one has represented 
in one's brain a set of rules which dif- 


ferentiate sharply between surface 
structure and deep structure in such 
a way that that aspect of the sentence 
structure. which determines semantic 
content is extremely abstract and not 
represented in the physical form or 
in the arrangement. That is, I think, 
à crucial point. 

Let me give one further example 
and make a final comment about it 
and then summarize briefly. Consider 
the following, again, ambiguous sen- 
tence: "Mary saw the boy walking to 
the railroad station." It is clearly am- 
biguous. It can mean either that the 
boy was seen walking toward the rail- 
road station by Mary or that the boy 
walking toward the railroad station 
was seen by Mary. So there are at least 
those two interpretations, and, in fact, 
others. 

Furthermore, we can resolve the 
ambiguity very simply by replacing 
"walking" by, say, "walk," giving 
"Mary saw the boy walk to the rail- 
road station," which has only one in- 
terpretation; or by inserting the words 
"who was," giving "Mary saw the boy 
who was walking toward the railroad 
station," which resolves the ambiguity 
the other way. These are facts that 
everybody knows and that are some- 
how determined by the grammatical 
Structure of the sentences, But this is 
not the point I want to illustrate. The 
point I want to illustrate relates to the 
information that every speaker of the 
language has about the kind of opera- 
tions that can be performed on these 


sentences, to assign new interpreta- 
tions to them. 


Although I cannot give details, let 
me try to illustrate in informal fash- 
ton. Consider the problem of how to 
form questions and relative clauses in 
English. Given the sentence “John 
saw Bill," we can form such questions 
as “Who saw Bill?” and “Whom did 
Bill see?” We do this by two opera- 
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However, notice that these two 
operations, namely, wh placement and 
wh inversion, differ from one another 
in the following way: wh placement 
is a free operation. I can apply it as 
many times as I like in a sentence. 
For example, if I have the sentence 
“John saw Bill,” I can apply it twice 
to get “Who saw whom?"; or, I can 
form "Who gave what to whom?" 
and so on. I can apply wh placement 
as many times as I like, questioning 
as many aspects of the sentence as I 
like. On the other hand, wh inversion 
can be applied only once. That is, if 
I have the sentence "John saw Bill" 
and I apply wh placement twice giv- 
ing "Who saw whom?" I can't apply 
the inversion twice to get, say, "Who 
whom saw?" 

Similarly, if I say "John gave what 
I have a possible question 
in English, but I cannot put both 
"what" and "whom" in front. I can- 
“What whom did John give 


to whom?" 


not say 
to?" 
The same is true of relative clauses. 
You can apply wh inversion once but 
you cannot apply it twice. You can 
have a wh element inside a relative 
in which case you have a ques- 
"Mary saw the boy 
who was walking toward what?" An- 
"Railroad station." But I cannot 
put "what" at the point where the 
"who" was and get "what who was 
walking toward." A general constraint 
s that wh inversion can be applied 


clause, 
tion like this one: 


swer: 


only once. 
Summarizing briefly, wh placement 


can be applied freely but wh inversion 
only once within a particular phrase. 
Actually, what I have shown so far 
is that wh inversion can be applied 
only once to form a question and only 
once to form a relative. 

Can it be applied once to form a 
question and once to form a relative? 
Can I take a sentence with two wh's 
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and apply wh once to form a relative 
and a second time to form a ques- 
tion? The general constraint that re- 
stricts wh-inversion to a single applica- 
tion should exclude this. In fact, 
notice what happens if we take the 
three sentences, “Mary saw the boy 
walk toward the railroad station,” 
"Mary saw the boy who was walking 
toward the railroad station," and 
"Mary saw the boy walking toward 
the railroad station." If we apply wh 
placement to "railroad station," this 
will give us the sentences "Mary saw 
the boy who was walking toward 
what?” "Mary saw the boy walking 
toward what?" and "Mary saw the 
boy walk toward what?" 

In considering the sentence "Mary 
saw the boy who was walking toward 
what?" notice that in the embedded 
sentence "who was walking toward 
what?" I have already applied wA in- 
version once, vacuously, to form the 
relative clause. Therefore, the gen- 
eral principle should imply that I 
cannot apply wh inversion again, put- 
ting the word "what" at the beginning 
of the sentence. It should imply that 
I cannot form "What did Mary see the 
boy who was walking toward?" And 
this is, in fact, an impossible sen- 
tence. But now consider the sen- 
tence "Mary saw the boy walk toward 
what?" There has been no application 
of wh inversion in this sentence; there- 
fore, I ought to be able to form the 
question by wh inversion, giving 
"What did Mary see the boy walk to- 
ward?" This is, in fact, perfectly ac- 
ceptable. 

Consider the third, ambiguous case, 
namely, "Mary saw the boy walking 
toward what?” And consider the as- 
sociated question, namely, "What did 
Mary see the boy walking toward?" 
Observe that it is unambiguous. It 
can only have the interpretation of 


"what did Mary see the boy walk to- 
ward?" It cannot have the interpreta- 
tion of "the boy who was walking to- 
ward the railroad station." So, clearly, 
it is true that wh inversion can be ap- 
plied only once. If it is applied once 
to form a relative, it cannot be ap- 
plied a second time to form a ques- 
tion. That is, it is true with respect 
to this very abstract operation which 
somehow we have represented in our 
minds, that we know how to apply it 
in such complex cases as this, and 
we know when it applies to give sen- 
tences and when it does not. The prin- 
ciple of this application is apparently 
something quite abstract. In fact, the 
explanation just suggested for these 
facts is not adequate, but this does not 
affect the point of the example. 

These principles of wh placement 
and wh inversion, and so on, are what 
are called in the linguistic literature 
“grammatical transformations.” The 
significant points about them are two. 
First, they relate deep structures to 
surface structure. Deep structures are 
extremely abstract objects which can- 
not be arrived at from data by any 
type of association or inductive proce- 
dure and are not represented in the 
data in any physical form. Second, 
these transformations, if you look at 
them as formal operations, are of an 
extremely special and peculiar kind, 
meeting very abstract conditions such 
as the condition of noniterability of 
inversion, just mentioned. When we 
acquire language, we acquire a sys- 
tem of operations of this type. We ac 
quire the system of abstract structures 
that underlies them, the deep struc 
tures, and we acquire a set of abstract 
conditions on these operations, such 
as the condition of noniterability of 
inversion. The few examples given 
illustrate these facts. 


It seems to be true that the under- 
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lying deep structures vary very slightly, 
meee from language to language. 
Sears cias reasonable, because it 
tev dre possible to learn them, since 
and are — signaled in the sentence 
Hal in As recoverable from the sig- 
duiken. Fantivial way by any in- 
us Dea, sid goce operation, so far 
how an 5 Since it is hard to imagine 
pleassné 185 could learn them, it is 
a rn Ps eas that they do not 
Tha "erg rom language to language. 
they Dd us to postulate that 
a person u pary of the technic which 
that is ‘oe, dor acquiring language; 
tual * detur are part of the concep- 
fori of prin he uses to specify the 
exposed 8 gri to which he is 
quired 1 755 not something to be ac- 
tulate is : N that this pos: 
imagine ee dle, since it is difficult to 
80011 a alternative. 

2 tract i SEIS to be true that the 
are also en eit of transformation 
would mo This is what one 
Son, since n. again for the same rea- 
Operations A difficult to imagine how 
Stracteq jm this type could be ab- 
NO process is data. There is certainly 
tion of aoe ion or associa- 
or philoso xa known to psychology 
analysis 11 5 9 any procedure of 
that can 2^ is known in linguistics 
Structures =a close to determining 
to be expect ag kind. Again, it is 
and their nes that these operations 
Uniform bos. properties will be 
Seems to be the languages, and this 
From the C e. 
there die onp era ons of this kind, 
think, T MEE basic conclusions, I 
Who knows : T m to emerge. A person 
In his ase anguage has represented 
tem of T EI very abstract sy 
With an 5 structures along 
determine, b act system of rules that 
finite ra » by free iteration, an in- 
ange of sound-meaning corre- 
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spondence. Possession of this grammar 
is a fact which psychology and neuro- 
physiology must ultimately account 
for. 

Second, investigation of the prop- 
erties of such grammars seems to sug- 
gest that these systems are, to a sig- 
nificant extent, not learned, but rather 
that their basic properties constitute 
preconditions for learning. One is led 
to conclude that a grammar is no more 
learned than, say, ability to walk is 
learned. There are certain aspects of 
walking, certain aspects of gait, that 
may be culture-dependent and may be 
learned. It is also true there are un- 
doubtedly some superficial aspects of 
language which are learned and which 
vary from language to language, but 
it seems that the deeper properties 
do not vary and are so abstract that 
it is hard to imagine how they could 
be learned. 

This raises a second question for ul- 
timate neurophysiological or psycho- 
logical investigation, namely, what 
are the mechanisms responsible for 
the structures which seem to be pre- 
conditions for acquisition for lan- 


guage? 
It se 
nificant evidence of continuity, 
evolutionary sense, between the 
mars of human languages and animal 
communication systems. I have no 
doubt that other cognitive systems, 
other aspects of human behavior, 
others aspects of animal behavior, 
share many of these properties, but it 
is unlikely that animal communica- 
tion systems are the ones that share 
these properties in a most striking 
sense. 
CHAIRMAN MILLIKAN: Dr. Lenne- 
berg, will you open the discussion? 
DR. ERIC H. LENNEBERG: Dr. Chom- 
sky’s presentation was stimulating as 
always, and was very rich, so much so 


ems to me that there is no sig- 
in an 


gram- 
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that I have a difficult time picking out 
particular points that ought to be em- 
phasized here. 

What I would like to do is pick out 
those points which seem to me to have 
greatest relevance, partly to the papers 
which have preceded his paper and 
also in anticipation of those as yet 
to come. He stressed one important 
point, namely, the difficulty in ac- 
counting for various aspects of lan- 
guage in terms of simple association. 
I think this a point which has been 
frequently disregarded: that a simple 
associative process could only with 
great difficulty account for what we 
actually see in language learning. 

Perhaps the most striking phenome- 
non in language acquisition can best 
be observed in various types of defec- 
tive children, particularly blind chil- 
dren. Several years ago I tried to ob- 
serve the language difficulties that 
congenitally blind children have. 
Making arrangements with the Per. 
kins Institute in Boston, to my great 
surprise I found that there were no 
difficulties whatsoever. The nursery 
children, aged three, had just as much 
language as their sighted colleagues. 
There was virtually no difference in 
semantics which one could discover 
by listening and playing with these 
children. Occasionally something 
would occur, such as a color word be- 
ing frequently, and naturally, mis- 
applied, yet the general meaning of 
color words was apparently there. The 
word would occur in the right spot 
and the right connection, It was just 
factually wrong. This is rather str. 
if you consider how much we b 
we are bound to our vis 
realize that language develops at the 
same time, with the same facility, at 
the same speed even in i 
of such a major disrupti 
input. 


ange, 
elieve 
ual input, to 


the presence 
on of sensory 


Similarly, it is quite clear now that 
blindness, in addition to deafness, 
constitutes only a relatively minor 
obstacle to language acquisition. The 
problem is to get signals into these 
patients but, once this is accom- 
plished through establishment of some 
appropriate signaling system, say a 
tactual one, then the particular men- 
tal activity—if you will pardon the 
expression—seems to be all present. 
The machine can start. zertainly all 
the major aspects and principles of 
language are established under these 
circumstances. 

Also 
object 


» a simple theory of sound and 
association is put to great 
strain in the vocabulary acquisition of 
a child. Observation of children shows 
that a child has Particular difficulty 
in learning that there is one object 
called “Daddy” and that this word 
applies only to one Particular, unique 
individual. It seems to be much more 
natural to organize the world around 
him into categories, categories where 
each instance shows some similarity to 
other instances, yet where the nature 
of the similarity cannot be expressed 
in physical terms. 

This, I believe, 
Chomsky stressed 
is so obvious, 
emphasized 


is what Professor 
a moment ago. It 
it hardly needs to be 
that learning requires 
peculiar Organization of the world 
around us. Furthermore, the acquisi- 
tion of language would not be pos- 
sible if the child did nothing but 
learn to relate words to things. If he 
had no other knowledge, no other 
activity going on, he would be totally 


incapable of understanding what was 
being said to him. We speak in sen- 
tences, not individual words, and 


quite clearly the syntactic element in 
sentences is the important aspect for 
the understanding of communications. 
Mary loves Johnny” is different from 
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oig loves Mary." If the child 
85 not; pari passu, learn syntactic 
atures with the semantic ones, he 
would not be able to develop lan- 
Buage. 
Go Point could also be made 
Individi a acquisition of phonology. 
Variant tal sounds in language—in- 
io. ar sounds, I am tempted to say— 
Ss 455 en t there is no such thing 
Bounds ar ariant speech sound. The 
With ud interpreted in connection 
System of à 1 and a complex 
the ete es is necessary to interpret 
his boca HO SHUEY that strikes us. 
it may so mes much less abstruse than 
to build a if we consider attempts 
simply M machine which is operated 
voiced is speaking into it; human 
and € cali would be the input, 
phonetic 5 70 would be international 
50 far fae bs 20s. Such d machine has 
Deen built F built, and it has not 
lave to be Mn the machine would 
Plicated „ with a very com- 
i set of syntax and rules for 


Interpreti 
„„ Preting the s s that it takes 
as input, sounds that it takes 


Another 


implicit į point which I think was 
t in Professor Chomsky's pres- 


entati ; 
0 S H B . B 
itum is the role of imitation in 
Suage acquisiti A 
ence 'cquisition. This has refer- 


to t 175 « : 
Peculiar he question, “What is the 


Buage motor that produces lan- 
chat e Is it something 
5 artificial, put inside the child 


fro 
m E 
s the outside? Does the child 


sim d 
or p dus because he is rewarded 
chine s 4 Or is iù rather, a ma- 
to: begin d going which was there 
tricky a ie Imitation" is a very 
Dejo. ed [opta clearly children 
cally the es the way birds do. Typi- 
ae toni p ger in the child 
tactically e perel syn- 
thing ier d semantically—from any- 
might ty occurs around them. You 

Say they are approximations 
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but highly regular approximations 
and highly typical. 

I could go into further detail but 
I think the point is quite obvious that 
what children do is to start with some- 
thing you might call primitive, which 
is different from the paradigm lan- 
guage. They develop this further, dif- 
ferentiate it further and further, until 
only in the last stage do you get ap- 
proximation, something which might 
even theoretically be considered as 
playing back. Imitation does not occur 
until language is totally acquired. 
Only at that point can you get chil- 
dren to repeat short sentences. 

I think the association question that 
Dr. Chomsky raised—and I am simpli- 
fying—also has relevance to the study 
of aphasia, where I do not believe we 
find dissociation. I do not think that 
aphasic symptoms are interpretable 
as the snapping of links established 
between sounds and things. The most 
common aphasic symptom, difficulty 
in word finding, does not, I believe, 
represent such a simple severance, be- 
cause most of the patients can recog- 
nize the word quite easily. If they are 
asked, "What is thi they say “I 
can't remember" or "I don't know" 
or "It is too bright" or whatever the 
ents do. If they are asked, "Is it 
horse or chalk?" certainly 
y of cases they are 
he right word. So, 


pati 

a shoe or 

in the vast majorit 

able to recognize t 

the word is not lost. I think that only 
ion of associa- 


by stretching the noti t 
lied in animal research in 


tion as stuc 1 
it be applied to 


the laboratory can 
human language behavior. 
The last point that Dr. Chomsky 


made strikes me as extremely impor- 
tant, and that is the distinction be- 
tween deep structure and surface 
structure. I think that we are dealing 
with something quite familiar to us in 


many different realms, where we also 
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deal with deep structure and surface 
structure, and where that deep ips 
thing, whatever it is going to turn ou 
to be, actually has a character. 
Many years ago Lashley pointed out 
that we are faced with à serious and 
interesting problem in this kind of 
phenomenon: most of us have learned 
to write with the right hand; although 
none of us who are confirmed right- 
handers may ever in our lifetime have 
written with the left hand, we can 
right now take a pad of paper, close 
our eyes, put a pencil in the left hand 
—the nonpreferred hand—and not 
only write but write upside down. 
'This is remarkably successful usually. 
This poses the following problem: 
on the periphery, which is here tan- 
tamount to surface, entirely different 
muscles are being activated. The order 
is reversed because You are writing up- 
side down. The direction of the pencil 
is reversed, and Yet quite clearly a 
pattern is reproduced which you rec- 
ognize as similar to that produced by 
the right hand. I think here, analo- 
gously, you have to assume that some- 
thing is stored in the nervous system 
which corresponds to this patterning, 
Call it abstract if you wish, because 
We Cannot see it. We cannot cut it out. 
In animal experiments we have great 
difficulty interfering by means of a 
scalpel with this type of neuronal 
event. These were problems raised by 


Lashley and confirmed many times 
since. 

CHAIRMAN MILLIKAN: Questions or 
comments? 


DR. THORPE: I would like to 
questions on one or two point 
seem to me to be of great 


ask you 
s which 


interest. 
You said, I think, that everyone 
knows these rules without being 


taught, without their being formalized 
or specified. Are you, in fact, saying 


that thinking is not simply unvocal- 
ized language but that, on the con- 
trary, thinking precedes language? 
When you refer to the underlying 
deep structures, would you not say 
that at least some of these deep struc- 
tures must be present in animals be- 
fore the acquisition of any language 
because they concern the very nature 
of the perception of or understanding 
of the world? n 

There is a good deal of evidence 
from the work of my colleagues and 
myself which indicates the highly 
stimulating effect of mutual practice 
in promoting normal development 
towards the specific song pattern 1n 
the chaffinch (Fringilla coelebs) even. 
though all the birds taking part are 
equally inexperienced. This suggests 
very strongly to me that something 
corresponding to your "deep struc 
tures" exists in relation to the devel- 
opment of vocal communication in 
birds. 

DR. CHOMSKY: I think, in fact I am 
quite convinced, that thinking can 
Proceed perfectly well without lan- 
guage, but I was not presupposing that 
here. Furthermore, I think one could 
design an automaton which never 
thinks but which has the capacity of 
acquiring any specific human lan- 
guage in a rather short time from à 
small amount of data. 

I would want to put into the autom- 
aton an initial specification of what 
kind of formal object language i$ 
what kind of operations, what kind of 
mechanisms it has, and leave the au- 
tomaton just enough leeway so a small 
amount of data could select one of 
the possible languages. Having ac- 


quired this language, the automaton 


could produce Sentences and assign 
them semantic interpretation. It 
would never do anything remotely 
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like thinki / 
talkin these things without ever 
Simi about thinking. 
many Bo thinking, one could say 
Out referrir sting things about it with- 
convinced "n ba language. I am quite 
pendent o that thinking is not de 
I woul * language. 
if you es ydg: with your statement 
guage; I a dat thinking precedes lan- 
don't Pues quite sure that is true. I 
thinks in ^ that an infant or a dog 
that M sense and, therefore, 
not Se precedes language. I was 
think the 1 that; in fact, I 
in large 3 things are logically, and 
ent. ensure factually, independ- 
A 
ie question of deep struc- 
human 8 8 to me, if we look at 
eminal gu and ask ourselves the 
acquire sen as to how they can 
We are pure of language, that 
Seems to m to the postulate, which 
evidence : fairly well confirmed by 
these det that significant aspects of 
in bnc. structures must be present 
that vies. language acquisition, 
on eis no inductive operation 
deep RP. data which leads to the 
theory of ures, but that, rather, the 
Part of a oe structures provides 
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decide 1 7 the organism uses to 
guages B of the possible lan- 
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As far 
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Dirica] 
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Structure ental structure, and this 
Stract, th probably specifies the ab- 

€ general properties of lan- 
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guage, of deep structures, and of 
transformations. We can then raise an- 
other question, namely, whether this 
system of mechanisms appears in any 
other organism, Or, for that matter. 
the question of whether this system BE 
mechanisms plays a role in any other 
aspect of human intellectual activity, 
in human cognitive processes, percep- 
tual processes, and so on. I think it 
would be very surprising if it did not 
ects of human in- 


show up in other asp 
somewhere in 


telligence and, also, 
animal intelligence. 
It would be surprising if this com- 
plex structure were so specific that it 
is there just for language and has 
nothing to do with anything else. I 
think it would be surprising, but it 
could be true. I do not think we have 
any evidence one way or the other. 
pR. THORPE: It seemed to me to be 
rather satisfying to think that these 


deep structures, OF some of them, 
in animals before 


could be present 
language ever evolved; otherwise the 
anguage would be al- 


evolution of i 
most impossibl 
structures can 
linguistic experience, 
me that you have got a possibility of 
language being evolved perhaps à 
number of times in the course of 
evolution, without any Very great dif- 


ficulty. 
DR. CHOMSKY: 


discussion of evolution 
is complete hand-waving. If one 
wants to give an account of how some 
x structure is evolved, you have 
more than that a lot 
ere tried and this one 
hink about 


c. If some of the deep 


be acquired by normal 


then it seems to 


I think most of the 
of language 


the n 
be tried, 
then it is d 
thing viable w 


with no constraints given, 
uite impossible that any- 
ould ever work out. 
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So, I think if one really wants to 
give a serious account of the evolu- 
tionary process, he must first ask what 
kind of constraints there are upon the 
development of complex systems, 
given certain fixed conditions. Until 
those constraints are known, I do not 
see any point in speculation about the 
evolution of language. 

It may turn out, when we learn 
enough about a complex organism 
like the brain, that we will discover 
the only way it can manipulate sym- 
bols, when it reaches a certain level 
of complexity, is this; perhaps this is 
even a consequence of physical law. 
If it is a matter of physical law, there 
is no point speculating about evolu- 
tion. I am not proposing it as physical 
law; my point is that at the moment 
we have as much justification for say- 
ing it is physical law that at a certain 
level of complexity this Particular 
kind of grammatical structure must 
appear—we have as much reason for 
saying that as we do for saying that 
language evolved in some fashion. 

One could think of analogous situa- 
tions in the physical world, where one 
would draw precisely this kind of con- 
clusion. I am not convinced of the 
necessity of looking to selectional 
processes for an explanation of the 
development of language. If one is 
looking for an evolutionary explana- 
tion of language, I frankly do not see 
how his problem would be simplified 
if he were able to discover that other 
animals have systems analogous to 
language. I think if he were to dis- 
cover this he would be faced with a 
new mystery, namely, how these sys. 
tems emerged. Adding a new mystery 
won't help to solve this one. There 
is a prior question, namely, whether 
other animals do have systems of this 
type. Maybe they do, but it does not 
seem to me that the communication 


system of animals, at least, are of this 
type. If other animals do have sys- 
tems with the formal properties of 
human language, I imagine the 
proper place to look for them is not 
in the communication systems but, 
rather, in systems for organization of 
perception or something of that type. 

DR. EVARTS: You spoke of language 
as being a sound-meaning relation- 
ship. You would include, I suppose, 
sign language in all this. There is 
nothing special about the sound, if 
one communicates. 

DR. CHOMSKY: I mean “signal.” I 
should have said “signal-meaning cor- 
respondence." It is an open question 
whether the sound part is crucial. It 
could be but certainly there is little 
evidence to suggest it is. 

DR, SILVERMAN: 
these 
mand 

DR. CHOMSKY: 
that unless the 
conditions are re 
behavior would 1 


How can we tap 
universals in creating a com- 
of language in deaf children? 
One would expect 
appropriate stimulus 
alized, the instinctive 
10t appear. It may be 
that the appropriate stimulus condi- 
tion is hearing enough linguistic 
noises in your environment. So it just 
might be that there is no way to tap 
the system, any more than there is a 
way of initiating the system of flight 
in birds without putting them in the 


Situation in which they have to flap 
their wings. 
DR. RICH: Maybe you are not the 


one I ought to 
If I understood 
a basic set of 


ask this question of. 
you correctly, there 15 
untransformed frames 


which the child would have at his 
command, prelinguistically, or very 
early. 


It seems to me at least possible 
that some transformations are, in a 
sense, more difficult than others. 

as a study been made of the ages 
at which the various transformations 
become available, and could one con- 
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1 n this anything about the 
transform perde difficulty of the 
‘ ations? 
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few years pane about for quite a 
the Sele won't try to summarize 
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hat ODE about the investigations 
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tifiable 1 stages that are iden- 
where a 1 81 is a very early stage 
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us 1 been much careful anal- 
its first lee acquisition, through 
is a slow i months, in which there 
tences, A p a in one-word sen- 
word 5 sentences, and three- 
ment stops p and then the experi- 
Point. devel he reason is that at that 
creases 5 of language im 
laustive i any possibility of ex- 
Sung ire escription. I am not too 
studies of aboni the value of these 
developme early stages of language 
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Capacity b 5 of instinctive 
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DR s is time. 

ment 5 I would like to com- 
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after havin led rige. convinced, 
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it is a good anguage in children, that 
ask the ti question to begin with to 
child c at which suddenly a 
t makes oe use transformations. 
Wana i ec tly good sense to say 
Processin t lon is a special way of 
transform, material that comes in. 

ation of processing on a 
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chronological level, transformation of 
processing involved in using words. 
This can be acceptable, if you think 
of it in this way. I think even a small 
child can divide those strings of words 
that are grammatical from those 
strings of words that make no sense. 
Here there is actually involved appli- 
cation of the deep structure that 
Dr. Chomsky talked about. You apply 
it and it fits the pattern, and gram- 
matically is the common denominator. 
I had originally planned to say that 
one can show, whenever you have a 
common denominator of this kind, 
that you can put this alphabet into 
this transformation of language where 
you transform the deep structure to 
abstract something in the structure 
into the reality of the sentence. Does 
this make sense? Let me try to state it 
another way. 
DR. CHOMSKY: 
that. It seems to 
structures are projected 
nal by some kind of system of rules 
which I call transformations. One 
never produces the deep structures at 
the earlier stage of language. One does 
not produce the deep structures which 
are from the theoretical point of view 
abstract, and from the neurological 
point of view probably also deep. But 
there is some way of mapping these 
ires into signals. The way 
for the young child, who 
ntrol of motor mech- 
child at a later 


I think I agree with 
me that the deep 
1 onto the sig- 


deep structt 
may differ 

does not have co 
anisms, and for the 


stage. 

It is 
cific aspect 
specific projectio 


also true, no doubt, that spe- 
s of the deep structure and 
n operations are not 
available to the child at an early stage. 
There are some respects in which 
English is different from German and 
Chinese, and so on. The child has to 
learn which of the possible languages 
is the one he is supposed to be talk- 
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ing. Before he has learned that, he 
has, I presume, just some kind of un- 
differentiated schema which can be- 
come Chinese or English or German, 
when enough data are presented to it. 

Nobody knows anything about 
these mechanisms. It is plausible to 
assume there is an undifferentiated 
schema which becomes specified in 
one way or another and becomes 
specified and differentiated with more 
and more complexity and more and 
more uniqueness through some pe- 
riod of so-called learning. "Learning" 
is an inappropriate term for that kind 
of development. 

At the latter stage of this process of 
acquisition, the process of projecting 
deep structure onto signals will be 
tremendously more extensive and 
more complex than at the early stages, 
"There may be much more uniformity 
in the extensive and complex struc- 
ture between different individuals 
than at the very early stages. 

I think it is reasonable to suppose 
that the basic processes of formation 
of deep structures and projection 
being utilized in a 
ated and simple way at the beginning 
and in a more and more complex 
Way at every stage, until, finally, the 
normal adult human System is 
achieved. 

DR. CHASE: As I followed the dis- 
cussion of the deep Structure of Jan- 
guage, Dr. Chomsky, it seem 
clear to me that such 
exist insofar 8$ we cannot explain the 
organization of the Surface structure 
of language in its own terms. But it 
also seemed quite clear that 
not able to specify what the ordering 
functions are that impose organization 
on the surface structure of language. 
Insofar as we cannot specify these or- 
dering operations, and I take it that 
the word "abstract" is really being 


are 
very undifferenti- 


ed quite 
a Structure must 


we are 


used to say this, then it seems to me 
that we are not in a position to take 
à stand on questions of structure and 
mechanisms, and certainly not on the 
question of genesis, 

It is the last point that I question 
most seriously, because I think the 
very best way not to discover the es- 
sential substrate in experience for ac- 
quiring a capability is to assume that 
it does not have a substrate in experi- 
ence. It seems that you are inviting us 
to consider this possibility with re— 
Spect to the deep structure of lan- 
guage. 


DR. CHOMSKY: I would agree that if 


we could not specify the deep struc- 
tures and we could not specify the 
projection Operations, then it would 
be correct to conclude that we should 
not speculate about mechanisms and 
genesis. From what I said, there is no 
reason why you should guess that wê 
can specify them. In fact, however, I 
think we can. Of course, anything we 
can now say is empirical hypothesis, 
and no doubt will be proved wrong in 
one respect or another, But I think 
we can, with a fair degree of confi- 
dence, say Something rather precise 
about the exact nature of deep struc 
ture and the exact nature of the rules 
that relate to it. This is the central 
question of linguistic work. Other lin- 
Sulsts would not agree, but this is 
what I think, at least. It seems to me 
that a good deal of progress has been 
made toward giving a precise specifi- 
cation of a universal system of under- 


lying Structures and a universal 
schema which permits some variation 
from langua 


8€ to language, but not 
too much, and toward specifying in 
Precise detail the rules of projection, 
if you like, that map these structures 
ultimately onto signals. 

_ T have not said anything, really, to 
Justify this, but I think I can refer 


THE GENERAL PROPERTIES OF LANGUAGE 


6 . 
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MRS projection rules. 
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children a a a clinical comment abe 
anguage who are late in developing 
ler has 5 then develop it. Mil- 
it is to 1 out how important 
auditory 5 the sequence of 
brought 8 ents. This point has been 
difference a For instance, telling the 
“Eat the | between "Bear the eats,” 
The ML and "The bear eats. 
child 1 question is how a 
of the se | difficulty in keeping track 
deduce Sgen of auditory events can 
he elements of the deep struc 


anp: I would 
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tures. "This one sees clinically in opera- 
tion in the child, and one deduces the 
confusion which may be the basis for 
the delay. This is in a child with 
normal hearing acuity. 

DR. cuomsky: I do not know any- 
thing about this. 

MRS. MASLAND: Later, when some of 
the children do acquire language to 
the point of some fairly normal com- 
munication, the semantic elements 
still become scrambled sometimes. 
One case in point is a child who said 
“My sister bike threw over fence" for 
"My sister threw her bike over the 


fence." 
DR. CHOMSKY: 


Not knowing any- 
thing about it, I should not say a 
One can imagine all kinds of 
possible production defects, filtering 
defects, let us Say, that would lead 
deep structures to appear not in their 
normal form but in other forms. For 
example, consider the phenomenon, 
which appears apparently with nor- 
mal children, of producing just major 
words and not the “grammatical” 
ones. One might imagine that all that 
is happening is that there is a filtering 
device which throws out everything 
except stressed items. There might be 
a filtering device or a projection de- 
vice of some kind that operates on 
deep structures in some non-normal 
fashion in the children to give other 
kinds of signals. One would have to 
study the material to draw any con- 


clusion. 
MRS. MASL 

devices that 

strated is sho: 


word. 


Ve think one of the 
can be demon- 


auditory-memory 


AND: V 
really 
rtened 


span. 
DR. 
plausible. 


cuomsky: That sounds very 


Some of the outst 


particular item is “reinforcing” or 


are “reinforce 


and in a series of eleg 
versal reinforcer, eating food, 
warded by another response such 
the notion opens up vistas and 
nature of the way we assign y 
ever-changing basis. 


anding contributions in modern-d 
serve to “put the train back on the track.“ D. 


performs this crucial task by reminding psych 
“not reinforcing" is 
past and present state of the organism. Wh 
havior today may have no effect tomorrow. 
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the body of American psychology holds th 
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“Preposterous,” says Premack, 
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ances be the response re- 
and see how 
ppreciate the relative 
and events in our life on an 
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David Premack 


The traditional account of reinforce- 
ment provides a nice introduction to 
the present one, for the latter is a 
simple transform of the former in the 


Reprinted from the Nebraska Symposium on 
Motivation, 1965, by permission of Univer 


sity of Nebraska Press, Copyright © 1965, 
pp. 129-48 
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following sense. First, the basic as- 
sumptions of the traditional account 
appear to be empirical propositions 
with a confirmation status so high 
that further test is unnecessary; ac- 
tually, the assumptions were little 
more than common sense, which is to 
say, they were never tested. Second, 


wh . 
8 . proved to be invalid. 
of the tradi the major assumptions 
sentially d hp Eee have es 
They ap a same logical character. 
volving m fo be propositions in- 
weak as to 1 claims, claims so 
only when s essentially trivial. It is 
to be UR are seen 
nontrivial. pirical that they become 
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aa oie with the standard 
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that a ae the frequency of 
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Classes i send who delight in null 
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From Fry there are such stimuli. 
to add: T seemed only reasonable 
do not hi "i are other stimuli that 
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Skinner 1 account (€.8+ 
The v 938, p. 62). i 
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(Meehl b eie are trans-situational 
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ality is hey claim of trans-situation- 
one Peers a stimulus effective with 
responses se will be effective with all 
could 1 thus that the discovery 
With ini s been equally well made 
ample is Rr The classical ex- 
all ood: it is said to reinforce 
Foe dique, 
are Qu papiric) claim is that there 
1s reinforces of responses, one that 
another PUN but not  1einforcible, 
reinforcin; 5 but not 
assertio g. This is less an explicit 
n, though versions of it can 
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be extracted. from traditional discus- 
sions of goals and drives, than a con- 
clusion that can be reached by exam- 
ining a sufficient body of experiments 
For example, eating and drinking 
were for many years used only in the 
role of reinforcer, never as the events 
that were reinforced; conversely, bar 
pressing and running were used only 
as “instrumental activities,” never as 
The segregation here was 
there being no instances 
between these would-be 
about forty years of ex- 


reinforcers. 
impressive, 
of crossover 
categories in 
perimentation. 

It is important to recognize that 


the above three assumptions were not 
a theory of reinforcement, 
s a first-order, low-level 
f the field. Theorists dif- 
fered as to whether or not reinforce- 
ment was coterminous with, say, drive 
reduction, Or whether it was neces- 
for learning, but they did not 


viewed as 
but rather a 
description o 


sary 
differ in their acceptance of the three 
assumptions. 

which cer- 


assumptions, 
impression of being 
empirical, actually members of that 
class in the standard sense of being 


abstractions from test evidence? 

In order for the assertion concern- 
ing two classes of stimuli to be an 
empirical one, the literature must 
show some body of experiments in 
which, for any species, some stimuli 
were shown to change the frequency 
of a response while other stimuli, 
given the same temporal relation to 
the response, failed to produce à 
change. This kind of functional divi- 
sion of the environment is clearly 
implied by the classical assumptions, 
put it is equally clear that no actual 
division ever took place. That is, it 
is not possible to list for any species 
of events that have been 


be reinforcing. Nor is 


Are these 
tainly give the 


any set 
shown not to 
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this omission the result of being 
hamstrung by the null hypothesis. 
The tests were not made because the 
claim of two classes was never seen to 
be a claim of any empirical conse- 
quence. The fact was too trivial to 
merit test. A , 

The assumption of transsituation- 
ality cannot be met with the same 
charge of being wholly nonempirical, 
for food has been shown to reinforce 
a number of responses. Food has at 
one time or another reinforced the 
bar press, running down an alley, the 
string pull, and pushing a marble into 
a hole; doubtless others could be 
added. But the necessity of piecing to- 
gether these outcomes from different 
experiments, which normally would 
be disallowed, shows that the com- 
parisons are post hoc; the issue was 
so little seen as empirical that prob- 
ably not even a master’s thesis was 
devoted to it. 

The third assumption could not 
have been tested (except by accident), 
for we have already observed that it 
was tacit, failing even to attain to 
the status of a necessary condition 
for being tested, viz., to be made ex. 
Plicit. With a few quite recent excep. 
tions, no attempts were made to rein- 
force eating or, on the other side of 
the coin, attempts made to reinforce 
with the bar Press. "These events were 
kept in their Proper places, It is no 
surprise, therefore, that when Meehl's 
Martian arrived in the animal lab, 
primed to execute an epistemological 
reconstruction of reinforcement, he 
somehow managed to get the re. 
sponses "right," i.e., managed to rein- 
force running with eating rather than, 
as a Martian might, the reverse. (Was 
the Martian an earthling? He seemed 
a little too knowing.) i 

The core assumptions of the tradi- 
tional account wear empirical masks 


which, when they are removed, reveal 
fairly common-sensical assumptions. 
The assumptions were not tested; it 
had already been decided what kinds 
of events were reinforcing and what 
kind not. Hence the surprise when 
lights, sounds, puzzles, etc., proved to 
be members of the class. 

Two choices were given by the 
“new” reinforcers, either to enlarge 
the drive category, admit some un- 
foreseen events, and essentially retain 
the traditional logic of reinforcement, 
or to drop the standard approach 
and seek another one. 

One reaction to the sudden pleth- 
ora of reinforcers—lights, sounds, puz- 
zles where a moment ago there had 
been only food—was to pronounce 
everything effective, to declare all 
stimuli reinforcing. But this blanket 
denial of the former categorical as- 
sumption is not one for which any 
appreciable evidence ever col- 
lected. 

The approach we have taken is to 
observe that reinforcement involves a 
relation, typically between two re- 
Sponses, one that is being reinforced 
and another that is responsible for 
the reinforcement, This leads to the 
following generalization: of any two 
responses, the more probable response 
will reinforce the less probable one. 
Given the generalization, the view of 


Which it is the core can now be set 
forth in an orderly manner: 


was 


1 Anatomically different responses can 
be compared directly. 


2. For any pair of responses, the more 


Probable one wil] reinforce the less 
probable one. 


3. An indifference principle holds such 
that the reinforcement value is de- 
termined by response probability 
independent of Parameters used to 


produce the probability or kind of 
Tesponse that manifests the proba- 
bility. 
4. Reinforcement is a relative prop- 
erty. The most probable response of 
a set of responses will reinforce all 
members of the set; the least prob- 
able will reinforce no member of the 
set. However, responses of inter- 
mediate probability will reinforce 
those less probable than themselves 
but not those more probable than 
Intermediate members 
are and are not 
the 


themselves. 
of the set thus both 
reinforcers, depending upon 
relative. probability of the base re- 
sponse. 
- The reinforcement relation is re- 
versible. If the probability of oc 
currence of two responses can be 
reversed in order, so can the rein- 
forcement relation between the two 
responses. 


[zi 
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much as it has simply never involved 
itself in issues that required such com- 


parisons. 


Response Methodology 


Standard response methodology 
deals only with what may be called 
within-response comparisons. One and 
ame response class is compared 


the s 
under different conditions. Approxi- 
mately 99 per cent of psychological 


data would appear to be of this sort. 
As a simple example, consider the 
classical question of whether rats run 
more when hungry than when not. 
Along with more complex issues, this 
simple question is answered by a 
within-response comparison. With the 
an activity wheel, a run may be 
for example, a 360-degree 
ided only that a run is 
s same unit both when 
s not hungry. The use 
of course, quite ar- 
bitrary—359 degrees might be used as 
well, or even 35 degrees—but the arbi- 
jurious to the com- 
parison, for the only criterion in the 
case of within-response comparison is 
consistency. That is, whatever the re- 
unit used, it must be the same 


use of 
defined as, 
turn, prov 
counted by thi 
the rat is and i 
of 360 degrees is, 


trariness is not in 


sponse 
for the several conditions of the com- 
parison. The criterion for between- 

as we shall see, 


parison is, 


response com 
though this is nO 


decidedly stronger, 
criticism of standard response proce- 


dure for there is no advantage in mak- 
ing criteria stronger than the per- 
formance of a task requires. 

A further reason for possibly sup- 


sing that comparisons between dif- 
ferent responses may not be possible 


is the sheer number of different meas- 
ures that are used, along with the 
evident fact of their incommensura- 
pility. For example, volume, number 
of pellets, licks, degrees of turn, num- 


po 
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ber of bar presses, speed of running 
are all in use, and quite legitimately, 
though they are plainly incommen- 
surable. Which of them are to be 
used for between-response comparison? 
They cannot all be equally suitable, 
and yet we appear to have no rule 
for deciding among them. 

In fact, a rule is easily found for 
while the criterion for within-response 
comparison is merely consistent appli- 
cation of any unit, the criterion for 
between-response comparison is that 
all responses be measured by the 
same unit. This requirement is not 
special to responses, of course, but is 
simply the general requirement for 
the comparison of any set of items. 
Thus apples and eggs are commensu- 
rable in the case of weight because 
the same measurement procedure can 
be applied to both, Similarly, diverse 
responses will be commensurable, pro- 
vided they can be measured by the 
same unit. 

A little reflection will show that 
time, response duration, will fulfill 
the requirement nicely. Given an op- 
erational definition of the onset and 
offset of a behavior, a clock sensitive 
to the fulfillment of the oper 
definition will determine the dura- 
tion for which the organism is in a 
state of the designated responding. 
The clock will not tick more rapidly 
because the rat is copulating rather 
than merely eating; the unit of me 
urement will be invariant from one 
behavior to the next. Moreover, time 
is extrinsic to all behaviors and thus 
can be applied universally, in contrast 
to all anatomical units, such as the 
lick, which are intrinsic to given 
motor sequences and can be used to 
measure only those sequences com. 
posed of the unit in question. 

Time not only fulfills the require- 
ment of measurement by a common 


ational 


as- 


unit, thus permitting comparison of 
anatomically diverse responses, but it 
takes priority over traditional re- 
sponse criteria such as common- 
effect-upon-the-environment, or ana- 


tomical similarity. In fact, these 
traditional criteria do not provide 
sufficient conditions for commensu- 


rability, and the attempt to so use 
them can lead to malpractices. Con- 
sider two response classes whose mem- 
bers are either substantially alike 
anatomically, or which have like ef- 
fects upon the environment, but 
Which have different average dura- 
tions. Can the probabilities of the 
two classes be estimated comparatively 
from their frequen 


: cies? In which case 
is the organism 


more apt to be in a 
state of responding, when it makes 
90 one-sec. responses or 10 15.sec. re- 
sponses? This example alone should 
make it clear that having a compa- 
rable effect Upon the environment, 
such as getting a bar down, is not a 
sufficient basis for comparing the fre- 
quency of two events when the fre- 
quency is to be used as an estimate 
of Probability, Comparable average 
durations of the events in question is 
at least a necessary condition, and we 
would argue that it is a sufficient one. 

Thus what permits comparing the 
frequency (number) of anatomically 
identical responses is no different than 
what permits the comparison in the 
case of anatomically disparate re— 
Sponsés: average duration of the re- 
Sponse events is the same. This point 
appears to have escaped the attention 
of several writers (e.g., Hodos & Valen- 
stein, 1962) who have implicitly ac- 
cepted either same-effect-upon-envi- 
ronment, or anatomical likeness as a 
sufficient basis for comparing frequen- 
(ies. The conclusion that in brain 
simulation rate will not predict 
choice would appear to be the result 
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5755 
HAE was more probable than 
of rp 
> ger, ged flap or door, 
and a horizontally operated lévet- 
each of which could be used poten- 
tially both as the reinforcing or the 
reinforced response. A solenoid-oper- 
ated lock made it possible to render 
any item inoperable; thus, the animal 
could be given any pair of items, with 
one of them locked and its operation 
made contingent upon the prior oper- 
ation of the other member of the pair. 
A two-stage test procedure was used. 
First, estimates were obtained of each 
animal's probability of operating each 
item. Second, the items were presented 
in pairs—one free, one locked—with 
operation of the locked item contin- 
gent upon operation of the free item. 
For example, the door and plunger 
might be given together, with the 
plunger free and the door locked. Re- 
lease of the lock, and thus the op- 
portunity to operate the door, was 
contingent upon the prior operation 
of the plunger. 

Repeated measures on the items, 
presented one at a time with no re- 
restrictions, showed the ani- 
substantially. Of four 


monkeys tested, one showed reliable 
differences between three of four 
items, another showed no reliable dif- 
ferences whatever, nile two others 
were intermediate. 

In a second procedure, still aimed 
response probabilities 
generalization, 
with 


sponse 
mals to differ 


wl 


estimating 
an testing the 
the monkeys were presented 
pairs of items, again with no response 
restriction. The main purpose was to 
determine whether simply pairing 
the items would disturb the ordinal 
relations among the individual re- 
abilities. Inevitably, con- 
wil require pairing 


at 
rather th 


sponse prob: 
tingency tests 
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items; thus, if merely pairing the items 
should disturb the rank order of 
the individual response probabilities, 
tests of the individual items could not 
reasonably serve as a basis for predict- 
ing reinforcement values. Comparison 
of the outcome here with that of the 
previous procedure showed that (1) 
frequency of responding to any item 
is apparently always less when the 
item is paired with another (nonzero) 
item than when it is presented alone, 
but (2) the ordinal relations among 
items are not disturbed simply by the 
pairing procedure. 

Contingencies were next arranged 
between the pairs of items, using a 
continuous reinforcement schedule 
and a rule that required at least one 
free response between any two con. 
tingent ones, thus precluding the 
hoarding of response Possibilities, 
The six pairs of items (produced by 
the four manipulanda) generated 
twelve possible contingency pairs, 
since in this procedure each item can 
serve both as a free item on one oc- 
casion and as a contingent item on 
the next occasion, For each pair, a 
block of four daily contingency ses- 
sions were given, followed by a block 
of four daily extinction sessions, after 
which the animal was given a new 
pair of items and the procedure re- 
peated. 

The outcome for the four animals 
differed in a manner generally predict- 
able from their original protocols. 
Results for Willy, the no-difference an. 
imal, were clear cut: rather than show- 
ing an increment on any of the five 
pairs on which he was tested, he de- 
clined on all pairs.! Willy's overall 


1 At least for the present set of items, Willy 
should be unreinforcible; it may be possible, 
by habituating him for some items and not 
for others, to establish the difference needed 
for reinforcement, but then the ceiling would 


decrement would be expected on the 
following grounds: With no counter- 
ing incremental effect of reinforce- 
ment, the 24-hr. interitem | interval 
that was used in contingency training 
should produce a lower rate than the 
96-hr. interitem interval that was used 
to obtain the original estimates of re- 
sponse probability (Premack & Bah- 
well, 1959). The contrast in the rest 
intervals used for contingency train- 
ing and for estimation of response 
probabilities is pertinent to all the 
results. All increments will be conserv- 
ative estimates: any increment pro- 
duced by the contingencies will occur 
despite an interval that by itself would 
be predicted to produce a decrement. 

The outcome for the two interme- 
diate monkeys, Bimbo and Gimbel, 
showed one strong and two weak in- 
cremental effects; further, in neither 5 
did any less probable response in- 
crease the frequency of any more prob- 
able response. But the clearest predic- 
tions possible were those for Chicko, 


be low indeed, Would a diffe 
Willy look like Chicko, or 
more a function of the o 
items? An interesting 

would be the tendency tc 
of relative preference among the items of any 
set. Some organisms may display preference 
among the items of all sets, while others may 
show no preferences among the items of any 
set. Thus Willy's flat profile might obtain 
Bencrality, for all sets, in which case he 
should be insusceptible 10 reinforcement. 
This would be operationally equivalent to a 
defective reinforcement mechanism, in an- 
other idiom to “the salt has lost its savour,” 
or in still a third idiom to the flat-affect 
model of Meehl's (1962) several models for 
schizophrenia, We might thus distinguish be- 
tween two behavioral views of mental disease. 
In the traditional one, the reinforcement 
mechanism is intact but the history of rein- 
forcement is untoward, whereas in another, 
the mechanism itself is defective, either genet- 


ically or as a result of a previously untoward 
reinforcement history. 


rent set make 
are the differences 
rganism than the 
individual difference 
> visit a fixed amount 


who i 
three cd "s procedure showed 
abilities. I e erent response prob- 
made SRR eed, Chicko's protocol 
gencies: ud three. kinds of contin- 
than, less tl ntüngent response higher 
equal to s and, in one case, about 
the Dusen free response. In brief, 
contingen Ea for the three types of 
continger cies were as follows: (1) 
response abere higher than free 
increment OG uced in all five cases an 
opinas in tlie free response; (2) 
Sponse pro ue probable than free re- 
Cases a 5 in all chree such 
which is n ment in the free response, 
eralization at predicted by the gen- 
à case will 1 says simply that such 
—but whicl 10t produce an increment 
of the eth may be merely the result 
Val; and 1 intersession inter- 
two Yespos SUE one case in which the 
duced d were about equal pro- 
or decre e or no change, increment 

155 nent. 

hikoa 3 5 point of interest in 
cerning a was, the evidence con- 
ment, H wn relativity of reinforce- 
ber of Gh as the most probable mem- 
least, 5 e response set, P the 
Orced all Es intermediate. H rein- 
orced M gode of the set; P rein- 
reinforced E (and instead was itself 
Onsidered by all other members). 
ànd P app jointly, the results for H 
ditional a ear to substantiate the tra- 
reinforcer bsolute view: H, which is a 
While p ` 5 all responses, 
reinforces bic is not a reinforcer, 
Plify the none. This appears to exem- 
view, as LIE are, some are not" 
ard transi at to support the stand- 
„ assumption 
set but a not one member of the 
Tesults for D members. However, the 
view; D, wl controvert the traditional 
Probability xs was of intermediate 
reinforce 5 P but failed to 
- Thus, depending upon 
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the relative probability of the base 
response, D both was and was not a 
reinforcer. Á 
Since the present case appears to 
represent the first direct test of the 
transsituationality assumption, the 
previous success of the assumption 
may rest upon a failure to have tested 
it. Indeed, we are now in a better po- 
sition to contemplate the success of 
this assumption. The evidence for it 
is based entirely upon the demonstra- 
tion that food (in the starved rat) 
reinforced all challengers—bar press, 
string pull, roll a marble. But I think 
we may sce that, rather than proving 
trans-situationality, this more likely 
demonstrated that for the given pa- 
rameters eating was simply the most 
probable member of the set; certainly 
all the events reinforced are low oper- 
ant-level events, while eating in the 
starved rat can attain substantial 
probabilities. One response in any 
set would be predicted to be trans- 
situational: the most probable mem- 
ber of the set. In using eating and a 
tradition worked exclu- 


starved rat, 
sively with a most probable member. 
But a general theory of reinforcement 


cannot be based upon the special 
properties of the most probable mem- 
ber of the set. Reinforcement is not 
confined to this member, and the 
properties of the other members differ 
from those of the most probable mem- 
ber. For example, they are not trans- 


situational. 
Reinforcement of Eating 

and Drinking 

sic assumptions that 
and in hand are that consumma- 
tory responses are reinforcible and 
that reinforcement is a reversible re- 
lation. Food or water is customarily 
einforce the bar press or run 


Two further ba: 


go h 


used to r 
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ning, but it is not asked: Can this 
relation be reversed? Will the bar 
press or running reinforce eating or 
drinking? ; , 

Are these intervals of time in which 
eating or drinking are less probable 
than certain other responses? If there 
are, then eating and drinking should 
be reinforcible. The present assump- 
tions do not, of course, make any pre- 
dictions of the above kind; they deal 
only with the effect of one response 
upon another, and thus can make no 
predictions until after the individual 
response probabilities are given.? 

As to whether or not organisms 
could be found for which nonconsum- 
matory responses take priority over 
consummatory, we first considered the 
need for an advanced organism—some- 
thing pretty ethereal. The rat did not 
seem apt to produce so sublime an 
interval of time. Accordingly, the first 
test was made with children. Only 
later did we lift the ban on rats, hav- 
ing found appropriate intervals for 
them too. 

In a first test using children, a pin- 
ball machine rewired for continuous 
operation and a candy dispenser, the 
two placed side by side, comprised 
the experimental arrangement (Pre. 
mack, 1959). Candy consisted of con- 
stant-size chocolate bits, delivered one 
at a time by a conveyer belt into a 
dish each time the child ate the piece 
in the dish. Thirty-three children, the 
entire first-grade class of a Public 
school, served as subjects. Their aver- 
age age was 6.7 years. 


2 We have not attempted to provide a gen- 
eral characterization, let alone theory, of 
events that for a given species lead to a high 
probability of responding, though such a 
theory could be of substantial value; Cg. it 
might be used to deduce the Present rein 
forcement generalization. Cf. Pribram (1963) 
for an intriguing set of suggestions toward 
such a theory 


On the first test, both the candy and 
the pinball machine were available 
without restriction. Sixty-one per cent 
of the children made more pinball- 
machine responses than they ate 
pieces of candy. (The average dura- 
tion of the pinball-machine responses 
was just slightly greater than the visu- 
ally approximated duration of the 
ingestion of a piece of candy. Thus 
the advantage in frequency of pinball 
responding would convert into an 
€ven greater advantage in terms of re- 
sponse duration; since the difference 
was not great, however, the scores 
were left in frequency as in the manip- 
ulation case) We thenceforth re— 
ferred to those who preferred the ma- 
chine as "manipulators," the others 
as “eaters.” 3 

On the second test, the availability 
of the candy and the Pinball machine 
were made subject to either of two 
contingency relations, E-M or M-E. 
For E-M, each Operation of the ma- 
chine was contingent upon the prior 
ingestion of a piece of candy, whereas 
for M-E, each piece of candy was con- 
tingent upon the prior operation of 
the machine. Both the “manipulators” 
and the “eaters” were randomly di- 
vided, and half of each main group 
tested under E-M and half under M-E. 
For a Manipulator, E-M was the ex- 
perimental condition, M-E the con- 
trol; the reverse held for eaters. What 
characterizes both experimental con- 
ditions is that the more probable re- 
sponse is contingent upon the less 


# “Manipulator” is somewhat of a mis- 
nomer. Only some of those who preferred the 
machine emphasized the manner in which 
they shot the ball, shooting first from the hip, 
then with their back turned, all the while do- 
ing a kind of soft-shoe routine and prac- 
tically never glancing at the ball. Others shot 
the ball with a minimal gesture, then feasted 


visually "pon each new hank of lights the 
ball lighted up. 


ee (manipulators must 
ülate iie pu ate; eaters must manip- 
make the caps Control conditions 
freely avail: send probable response 
thus provi 3 2 as in the first test, and 
the: less . : » measure of changes 1n 
Occur d aider dn response that may 

Tt bod pendait of the contingency. 
able respo rases; making a more prob- 
Probable = contingent upon a less 
of the 2 5 5 frequency 
forced ma : hus, while candy rein- 
Operation pe c in the eaters, 
forced CaN s 1e pinball machine rein- 
een for the manipulators. 
Were att TH the control condition 
experime compared to those for the 
differenc nal condition, and the mean 
were dum within both main groups 
cent e icant at less than the 1 per- 

The sae : 
retenue ui indicate that the con- 
being a id response is not unique 1n 
but not 5 of other responses 
would „ itself. Also, there 
with Has to be little doubt that 
e food deprivation, ma- 
and thus " would become eaters 
instrumen de response which had been 
ing ang 1 could be made reinforc- 

1CC versa. 


Revers; 

ersibili K 

elat; ibility of the Reinforcement 
ation 


He aten bil of the reinforcement 
the rat 55 shown ultimately with 
access 1 1962). With free 
Wheel bu ;»oth food and an activity 
Mean tot P access for only ] hr./day, 
Of six es drinking time for a group 
While eiut rats was about 240 sec., 
same veni total running time 1n the 
the piter Mee: only about 1 min. On 
Oth food Tand with free access tO 
wheel for and water but access to the 
drinking ons I hr./day, mean total 

Ime per hour was now only 
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about 28 sec., while mean total run- 
ning time in the same period was 329 
sec. These are by no means the only 
parameters that can be used to pro- 
duce a reversal in the probabilities of 
drink and run. Combining sucrose 
concentrations appropriately — with 
force requirements on the wheel will 
produce the same outcome. So depri- 
vation is hardly the only effective 
parameter. But whatever parameters 
are used to reverse the response prob- 
abilities, the same prediction follows. 
It should be possible not only to rein- 
force drinking with running but also 
to reverse the reinforcement relation 
in the same subject simply by chang- 
ing from one parameter value to an- 
other. 


The apparatus used to test the pre- 


dictions consisted of a modified Wah- 
mann activity wheel equipped with a 
brake and a retractable drinkometer. 
The rat is placed in the wheel, which 
itself serves as the test cage. With 


drinking contingent upon running, 
as free but the tube was 


the wheel wi 
retracted; a predetermined number of 


runs brought the tube into the wheel 
for a predetermined time. Conversely, 
with running contingent upon drink- 
ing, the tube was present at all times 
but the wheel was locked; a prede- 
number of licks released the 
heel for a predeter- 


termined 
brake on the w 


mined time. 
The more interesting case, run con- 


on drink, was tested first. 
e albino rats were given 
conditioning sessions, fol- 
Ihr. extinction and 
sessions. To augment 
the output, an FR was used in which 
each five licks freed the wheel for 10 
sec. Throughout this training, food 
and water were continuously available 
in the home cage: after the last re- 
conditioning session, water was re- 


tingent up 
Four femal 
daily 1-hr. 
lowed by daily 
reconditioning 
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moved from the home cage, and on 
the following day, training was begun 
with the reverse contingency—drink- 
ing contingent upon running. ] 

With run contingent upon drink, 
total drink time was increased in all 
Ss by a factor of from three to five. 
For operant-level drinking, with only 
the tube present, mean total drink 
time was about 28 sec./hr., with both 
tube and wheel present about 23 
sec./hr, and with run contingent 
upon drink about 98 sec./hr. The first 
extinction session further 
mean total drink time to about 175 
sec./hr., following which drink re- 
turned essentially to its base. The pic- 
ture was readily completed by chang- 
ing the Parameters so as to make 
drink more probable than run; then, 
with drink contingent upon run, the 
conventional increase in 
easily obtained. In summary, param- 
eters were shown that made run 
more probable than drink and vice 
versa, and subsequently, it was pos- 
sible not only to reinforce drink with 
run but also to reverse the reinforce- 
ment relation in the same subjects 
merely by changing from one set of 
parameters to the other, 


increased 


run was 


Indifference Principle 


Each time a response Such as run 
is successfully predicted to reinforce 
drink or vice versa, a contribution is 
made to the indifference principle. 
This principle holds that prediction 
of reinforcement can be made with- 
out regard to the history of the re- 
sponse probability, for the outcome 
is indifferent to either the parameters 
used to produce the probability or the 
responses that manifest it. Successful 
prediction for such pairs as run and 
drink would appear to bear this out, 
for there is hardly any doubt as to 


their being different neurophysiologi- 
cal systems. Indeed, the interest of the 
indifference principle accrues from 
this difference; the principle does not 
deny the neurophysiological differ- 
ence, which indeed could not be de- 
nied, but asserts that despite the dif- 
ference, the reinforcement value is 
predictable from a single scale of re- 
sponse probability. The principle 
says that the neurophysiological dif- 
ference does not participate in or 
mediate the reinforcement value, 
which is determined solely by the du- 
ration for which the animal engages 
in the behavior, 

Sharper tests of the point can be 
made by a somewhat different. proce- 
dure. With a third response such as 
the bar press, which is less probable 
than. both drink or run, the incre- 
ment produced in the bar press by 
drink and run can be compared. If 
identical probabilities of run and 
drink are made contingent upon the 
bar press, the indifference principle 
requires that the increment to the bar 
press be identical. It further requires 
that if identical probabilities of drink 
—Produced in one case by deprivation, 
in another by sucrose concentration, 
in still another by temperature or any 
other Parameter—are made contingent 
upon the bar press, then, again, the 
increment to the bar press must be 
identical. Likewise, it requires that 
the same experiment in the case of 
running—where, in principle, iden- 
tical probabilities of running can be 
produced by procedures ranging from 
cots t6. Starvation—must- also pro- 


duce the same Outcome, identical in- 
crements in the | 


bar press. ; 

Since identical response probabili- 

ties are easier described than pro- 

duced, an approximation to this ex- 
periment 


Was performed (Premack, 


1963b). A set of response probabilities 


w 
one E that included at least 
by Peu uen ity of running bounded 
least. ong PUES of drinking and at 
bounded 1 spropab rity, of drinking 
When =r probabilities of running. 
upon the a made contingent 
of run and p press, the ordered set 
Produce ar owe probabilities should 
bar-press. 4 identically ordered set of 
In POM ee asia l 
are sien k bar presses per session 
sociated fpa a function of the as- 
Points in 1 probability. The 
cording to * figure are labeled ac- 
or force „ concentration 
to produce . that was used 
ity in one ne given drink probabil- 
in the otl CARE and run probability 
shown tl ee The functional relation 
nere clearly supports the indif- 
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ference principle: bar pressing in- 
creased monotonically with the as- 
sociated response probability, and did 
so whether this was a probability of 
drink or run. These results were more 
encouraging than others that might 
be regarded as more dramatic. The 
ardly guarantees that com- 
tions of run and drink 
iparable reinforcement 


universe h 
parable dura 
will have com 
effects; yet they clearly appear to. 

The indifference principle is an 
exceptionally strong assumption, not 
to be established by any one test. If it 
should prove to be valid for any large 
number of parameters, it would per- 
haps contribute more determinately 
unitary-state concept than any 
ve notion. Are equal 
probabilities of eating, produced in 
one case by food deprivation, in an- 
other by sucrose concentration, and 
in still another by lowered tempera- 
nonetheless the same in their 
reinforcement value? An animal may 
be capable of differentiating states of 
hunger according to the specific an- 
tecedents of the hunger; yet it may not 
differentiate the reinforcement value 
of the states on any basis other than 
the associated probabilities of eating. 


to a 
traditional dri 


ture, 


An Increment Postulate: The Effect 


of the Base Response 


If we apply different more prob- 
able responses to à common base re- 
sponse, we may expect the increment 
to be proportional to the probability 
of the contingent response. A version 
of this experiment was shown in the 
application of varying probabilities of 

and drink to the bar press; the 


run 
greater these probabilities, the greater 


the increment to the bar press. 
But consider the converse experi 
Suppose the same reinforcer is 


ment. 
d to base responses that differ 


applie 
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in their probability of occurrence. 
Will the reinforcer bring all the base 
responses to the same level despite 
their pre-reinforcement differences? 
Or will the latter be reflected in 
asymptotic reinforced responding? 

A first version of this experiment 
was done with Chicko via manipula- 
tion responding. H, the most probable 
member of Chicko's set, was applied 
successively to P, D, and L, responses 
less probable than H but quite dif- 
ferent among themselves. H did not 
overcome the different operant levels 
of P, D, and L, but, rather, produced 
asymptotic rates that were propor- 
tional to the original operant levels. 
Thus, the operant levels showed 
through the reinforcement. 

R. W. Schaeffer performed a more 
determinate version of this same ex- 
periment using groups of rats with 
drink and run as response materials. 
The experiment in the rat had been 
held back by the limited variation 
in probability of base response that 
is afforded by the traditional con- 
ditioning materials, viz, bar press 
and eating. But with the reinforce- 
ment of drink by run, Schaeffer was 
given nearly ideal materials. Run 
was made more probable than drink 
(mainly by giving only limited ac- 
cess to the wheel), and the probabil- 
ity of drinking was varied widely over 
the four groups by tube content rang- 
ing from nothing to 32 per cent su- 
After first establishing clear 
differences. in the operant level of 
drinking, running was made contin- 
gent upon drinking 1n ien four [ies 
Figure 2. which plots asymptotic lick- 
me 3 i of the pre-reinforce- 
ing as a function | AE S 
ment level of licking. shows that, as in 


the case of monkey manipulation, the 
not bring base 


crose. 


a 3l fer does 
same reinforce DEDE 
s of different probabilities to 


response: $ 
ys the asymptotic 


the same level. Rather, 


response level was proportional to 
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Figure 2 
Mean instrumental licks per session as a 
function of the mean operant-level session 
immediately preceding the contingency 
(after Schaeffer, in press). 


once 
showed 


the — pre-reinforcement level: 
again, the operant level 
through the reinforcement. 

A third version of this experiment 
has recently been performed by Hol- 
stein and Hundt, again with rats, 
but now using brain-stimulation bat 
pressing and licking. Drinking a 25 
per cent sucrose solution reinforced 
both brain-stimulation bar pressing 
and plain bar pressing, but for all rats 
the duration of bar pressing was 
greater the greater the pre-reinforce- 
ment duration. 


article Tinbergen, the same ethologist who 
wrote the selection on the bee killers which is reprinted in our Structure 
of Knowledge section, looks at the fundamental problem of aggression. 
Tinbergen criticizes, appropriately, the tendency of some people to carry 
over the results of animal study rather than the methods, for application 
to humans. The same methods which are useful in studying a variety 
of lower animals will most likely be useful in studying man; but, it is 
specific behavior pattern found in a lower 


found in man. 


In this wide ranging 


indeed naive to expect that any 


animal will also necessarily be 
Tinbergen's scholarship covers à wide area. Try to understand exactly 


what he means when he discusses convergent and divergent evolution. 
These are important concepts for any student of behavior. As you read 
this article try to relate it to what you have already read in the “Nature- 
Nurture” section at the beginning of this collection. It is plainly of the 
utmost importance that we understand the extent to which internal and 
external factors influence aggression in man. Tinbergen gives some good 
suggestions of how we can 89 about this job and some hints of what we 


may expect to discover. 


425 


426 


FRONTIERS IN PSYCHOLOGY 


ON WAR AND PEACE IN 
ANIMALS AND MAN 


N. Tinbergen 


In 1935 Alexis Carrel published a 
best seller, Man—The Unknown (J). 
Today, more than 30 years later, we 
biologists have once more the duty to 
remind our fellowmen that in many 
respects we are still, to ourselves, un- 
known. It is true th 
stand a great de. 
bodies function. 
standing came control: medicine, 
The ignorance of ourselves which 
needs to be Stressed today is ignorance 
about our behavior—lack of under- 
Standing of the causes and effects of 
the function of Our brains, A scientific 
understanding of our behavior, lead- 
ing to its control, may well be the 
most urgent task that faces mankind 
today. It is the effects of our behavior 
that begin to endanger the very sur- 
vival of our Species and, worse, of all 


life on earth. By our technological 
achievements we have attained am 


tery of our environment that is with- 
out precedent in the history of life. 
But these achievements are rapidly 
getting out of hand. The consequences 
of our “rape of the earth” are now 
assuming critical Proportions. With 
shortsighted recklessness we deplete 


at we now under- 
al of the way our 
With this under- 


i 1 ^rmissi the author and 
Reprinted with permission of 
publisher from Science, 160, June 28, 1968, 
bp. 1411-18. Copyright © 1968 by the Amer- 
ican Association for the Advancement of 
Science, 


the limited natural resources, includ- 
ing even the oxygen and nitrogen of 
our atmosphere (2). And Rachel Car- 
Son's warning 6) is now being fol- 
lowed by those of scientists, who give 
US an even gloomier picture of the 
Beneral pollution of air, soil, and wa- 
ter. This pollution is seriously threat- 
ening our health and our food supply. 
Refusal to curb our reproductive be- 
havior has led to the population ex- 
plosion. And, as if all this were not 
enough, we are waging war on each 
other—men are fighting and killing 
men on a massive Scale. It is because 
the effects of these behay 
and of attitudes th 
behavior, 


ior patterns, 
at determine our 
acquired such 
es that I have 
8 ignorance about his own 
as the subject of this paper. 
Taman ethologist, à zoologist study- 
ing animal behavior, What gives a 
student of animal behavior the temer- 
ity to speak about Problems of human 
behavior? Of course the history of 
medicine Provides the answer. We all 
know that medical rese 
mals on a 


have now 

truly lethal potentialiti 
chosen man’ 
behavior 


arch uses ani- 


large Scale. This makes 
Sense because animals, Particularly 
vertebrates, are, 


in spite of all differ- 
ences, so similar to us; 


blood relations, how 
But this use 
for a better 


they are our 
ever distant. 

of zoologica] research 
understanding of our- 
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d to TON people, acceptable 
bodily ie ve have to do with those 
9 s 5 that we look upon 
er lle h mur physiological machin- 
[CAM RHEGOnS for instance, of our 
iiie Seid liver, our hormone-pro- 
bridle. a an s. The majority of people 
list Pi nie as it is even suggested 
be due m at animal behavior could 
alone e 5 an understanding, let 
iia ihe control, of our own 
Uie NUI iey do not want to have 
tific . subjected to scien- 
being A tk: they certainly resent 
these 5 wich animals, and 
rooted al cting attitudes are both deep- 
Pa and of complex origin. 

in pd fupe we are witnessing a turn 
ors 5 0 of human thought. On the 
ing, ne the resistances are weaken- 
1 on the other, 4 positive 
tialities 2 is growing of the poten- 
hae pues a biology of behavior. This 
interest AS, quite clear from the great 
„ by several recent 
studies a trying, by comparauve 
what a canals and man, to trace 
of inae could call "the animal roots 
select i behavior." As examples I 
sui, onrad Lorenzs book On Ag- 
jM m and The Naked Ape by 
best as ? lorris (5). Both books were 
gists des from the start. We etholo- 
sign of rz naturally delighted by this 
Science apid growth of interest in OUT 
Gates oe (pun though the growing 
dure) 15 at times a little hard to en- 
apprehe ut at the same time we are 
We nsive, or at least I am. 
ine ois delighted because, from the 
books ous sales of these and other such 
Mock ag is evident that the mental 
e a A self-scrutiny is weaken- 
who. E there are masses of people 
up. o to speak, want to be shaken 
c I am apprehensive because 
€ books, each admirable in 1t$ own 
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way, are being misread. Very few 
readers give the authors the benefit of 
the doubt. Far too many either accept 
uncritically all that the authors say 
or (equally uncritically) reject it all. 
I believe that this is because both 
Lorenz and Morris emphasize our 
knowledge rather than our ignorance 
(and, in addition, present as knowl- 
edge a set of statements which are 
after all no more than likely guesses). 
In themselves brilliant, these books 
could stiffen, at a new level, the at- 
titude of certainty, while what we 
a sense of doubt and wonder, 


need is 
igate, to inquire. 


and an urge to invest 


Potential Usefulness of 
Ethological Studies 


Now, in a way, I am going to be 
just as assertative as Lorenz and Mor- 
ris, but what I am going to stress is 
how much we do not know. I shall 
argue that we shall have to make a 
major research effort. I am of course 
fully aware of the fact that much 
research is already being devoted to 
problems of human, and even of ani- 
mal, behavior. 1l know, for instance, 
that anthropologists, psychologists, 
psychiatrists, and others are approach- 
ing these problems from many angles. 
But I shall try to show that the re- 
search effort has so far made insuf- 
ficient use of the potential of ethology. 
Anthropologists, for instance, are be- 
ginning to look at animals, but they 
restrict their work almost entirely to 
our nearest relatives, the apes and 
monkeys. Psychologists do study a 
larger variety of animals, but even 
they select mainly higher species. They 
also ignore certain major problems 
that we biologists think have to be 
studied. Psychiatrists, at least many 
of them, show a disturbing tendency 
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to apply the results rather than the 
methods of ethology to man. 

None of these sciences, not even 
their combined efforts, are as yet parts 
of one coherent science of behavior. 
Since behavior is a life process, its 
study ought to be part of the main- 
stream of biological research. That is 
why we zoologists ought to “join the 
fray." As an ethologist, 1 am going 
to try to sketch how my science could 
assist its sister sciences in their at- 
tempts, already well on their way, to 
make a united, broad-fronted, truly 
biological attack on the problems of 
behavior. 

I feel that I can cooperate best by 
discussing what it is in ethology that 
could be of use to the other behav- 
ioral sciences. What we ethologists do 
not want, what we consider definitely 
wrong, is uncritical application of our 
results to man. Instead, I myself at 
least feel that it is our method of ap- 
proach, our rationale, that we can of- 
fer (6), and also a little simple com- 
mon sense, and discipline. 

The potential usefulness of ethology 
lies in the fact that, unlike other 
sciences of behavior, it applies the 
method or "approach" of biology to 
the phenomenon behavior. It has de- 


veloped a set of Concepts and terms 
that allow us to ask: 


I. In what w. 
(behavior) 
the succe 


ays does this phenomenon 

influence the survival, 
ss of the animal? 
2. What makes behavior h 


appen at 
any given 


moment? How does its 
"machinery" work? 

3. How does the behavior machinery 

develop as the individual Brows up? 

4. How have the behavior Systems of 
each species evolved until they be- 
came what they are now? 


The first question, that of survival 
value, has to do with the effects of 
behavior; the other three are, each on 
a different time scale, concerned with 
its causes. 

These four questions are, as many 
of my fellow biologists will recognize, 
the major questions that biology has 
been pursuing for a long time. What 
ethology is doing could be simply 
described by saying that, just as biol- 
Ogy investipates the functioning of 
the organs responsible for digestion, 
respiration, circulation, and so forth, 
so ethology begins now to do the same 
with respect to behavior: it investi- 
gates the functioning of Organs re- 
sponsible for movement. 

I have to make clear that in my 
opinion it is the comprehensive, in- 
tegrated attack on all four problems 
that characterizes ethology. I shall 
try to show that to ignore the ques- 
tions of survival value and evolution 
—as, for instance, most psychologists 
do—is not only shortsighted but makes 
it impossible to arrive at an under- 
standing of behavioral problems. Here 
ethology can make, in fact is already 
making, positive contributions. 

Having stated my 
ethology as an esse 
science of behavior, 
to sketch how this could be done. For 
this I shall have to consider one con- 
crete example, and I select aggression, 
the most directly lethal of our behav- 
iors. And, for reasons that will be- 
come clear, I shall also make a short 
excursion into problems of education. 

Let me first try to define what I 
mean by aggression, We all under- 
stand the term in a vague, general 
way, but it is, after all, no more than 
a catchword. In terms of actual behav- 
10r, aggression involves approaching 
an Opponent, and, when within reach, 


case for animal 
ntial part of the 
I will now have 
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pushing him awa damage 
Su kind, or at least forcing stim- 
khe him that subdue him. In this 
licit: on the effect is already im- 
pied D behavior tends to remove 
1 5 pr de or at least to make him 
d ; E . in such a way 
Aker or onger interferes with the 
tron UR 1e methods of attack differ 
do dia e e to another, and so 
ae _ weapons that are used, the 
8 ures that contribute to the effect. 
has I aui concentrating on men 
E 5 l shall confine myself 
105 5 fighting, and ignore, 
ton aed js, Dubrtng between preda- 
Buy a prey. Intraspecific fighting 15 
of 55 among animals. Many 
s ^ Rent in two different con- 
and p s we can call offensive 
is er Defensive fighting 
animal 15 how as à last resort by an 
been 5 instead of attacking, has 
18 „ from an attacker. If it 
round u = it may suddenly turn 
ih 3 its enemy and “fight with 
Of age of despair.” 4 
Roig for questions ] mentioned 
Ginter ion consider that of the 
faces ve value first. Here comparison 
ing Maca at the start with a strik- 
is akin js vem On the one hand, man 
that he 1 species of animals in 
the token: its his own species. But on 
Sands tor vand he is, among the thou- 
One in w Species that fight, the only 
In ing es fighting is disruptive.. 
is usuall ge intraspecific fighting 
addition. zn distinctive advantage. In 
to settle » ^. | species manage asa rule 
one iei Jen disputes without killing 
is rare ie fact, even bloodshed 
301115 is snas the only species that is 
ded urderen, the only misfit in his 
| Society. 
B oa should this be so? For an an 
» we shall have to turn to the 
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question of causation: What makes 
animals and man fight their own spe- 
cies? And why is our species "the odd 
man out"? 


Causation of Aggression 


For a fruitful discussion of this ques- 
tion of causation I shall first have to 
discuss what exactly we mean when we 
ask it. 

I have already indicated that when 
thinking of causation we have to dis- 
tinguish between three. subquestions, 
and that these three differ from one 
another in the stretch of time that is 
Ve ask, first: Given an 
adult animal that fights now and then, 
what makes each outburst of fighting 
happen? The time scale in which we 
consider these recurrent events is usu- 
ally one of seconds, or minutes. To use 
an analogy, this subquestion compares 
with asking what makes a car start or 
stop each time we use it. 

But in asking this same general ques- 
tion of causation ("What makes an ani- 
mal fight?") we may also be referring to 
a longer period of time; we may mean 
"How has the animal, as it grew up, 
developed this behavior?" This com- 
y with asking how a car 
tructed in the factory. 
The distinction between these two 
subquestions remains useful even 
though we know that many animals 
continue their development (much 
slowed down) even after they have at- 
tained adulthood. For instance, they 
may still continue to learn. 

Finally, in biology, as in technol- 
ogy, we can extend this time scale 
even more, and ask: How have the 
animal species which we observe to- 
day—and which we know have 
evolved from ancestors that were dif- 
ferent—how have they acquired their 


considered. V 


pares roughl 
has been cons 
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particular behavior systems during 
this evolution? Unfortunately, while 
we know the evolution of cars be- 
cause they evolved so quickly and 
have been so fully recorded, the be- 
havior of extinct animals cannot be 
observed, and has to be reconstructed 
by indirect methods. 

I shall try to justify the claim I 
made earlier, and show how all these 
four questions—that of behavior's 
survival value and the three subques- 
tions of causation—have to enter into 
the argument if we are to understand 
the biology of aggression. 

Let us first consider the short-term 
causation: the mechanism of fight- 
ing. What makes us fight at any one 
moment? Lorenz argues in his book 
that, in animals and in man, there is 
an internal urge to attack. An indi- 
vidual does not simply wait to be 
provoked, but, if actual attack has not 
been possible for some time, this urge 
to fight builds up until the individual 
actively seeks the Opportunity to in- 
dulge in fighting. Aggression, Lorenz 
claims, can be spontaneous, 

But this view has not gone unchal- 
lenged. For instance, R. A. Hinde has 
written a thorough criticism (7), based 
on recent work on aggression in ani- 
mals, in which he writes that Lorenz's 
"arguments for the spontaneity of ag. 
gression do not bear examination" 
and that “the contrary view, expressed 


in nearly every textbook of compara- 


tive psychology . . .” is that fighting 
"derives principally from the situa- 
tion"; and even more explicitly: 


“There is no need to postulate causes 
that are purely internal to the ag- 
gressor" (7, p. 303). At first glance it 
would seem as if Lorenz and Hinde 
disagree profoundly. I have read and 
reread both authors, and it is to me 
perfectly clear that loose statements 
and misunderstandings on both sides 


have made it appear that there is dis- 
agreement where in fact there is some- 
thing very near to a common opinion. 
It seems to me that the differences be- 
tween the two authors lie mainly in 
the different ways they look at inter- 
nal and external variables. This in 
turn seems due to differences of a 
semantic nature. Lorenz uses the un- 
fortunate term "the spontaneity of ag- 
gression.” Hinde takes this to mean 
that external stimuli are in Lorenz's 
view not necessary at all to make an 
animal fight. But here he misrepre- 
sents Lorenz, for nowhere does Lorenz 
claim that the internal 
makes an animal fight 

somebody or something 
This misunderstanding 
feel that he has refuted Lorenz’s views 
by saying that “fighting derives prin- 
cipally from the situation.” But both 
authors are fully aware of the fact 
that fighting is started by a number 
of variables, of which some are inter- 
nal and some external. What both 
authors know, and what cannot be 
doubted, is that fighting behavior is 
not like the simple slot machine that 
produces one platform ticket every 
time one threepenny bit is inserted. 
To mention one animal example: a 
male stickleback does not always show 
the full fighting beh 
to an approaching st 
its response varies from none at all to 
the optimal stimulus on some occa- 
sions, to full attack on even a crude 
dummy at other times. This means 
that its internal state varies, and in 
this particular case we know from the 
work of Hoar (8) that the level of the 


lormone is an important 


urge ever 
in vacuo"; 
is attacked. 
makes Hinde 


avior in response 
andard opponent; 


variable. 
. Another source of misunderstand- 
ing seems to have to do with the 
stretch. of time that the two authors 
are taking Into account. Lorenz un- 
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doubtedly thinks of the causes of an 
outburst of fighting in terms of sec 
ends, or hours—perhaps days. Hinde 
Vei e think of events which may 
nt appened further back in time; 
an event which ie ar amy panicula 
ue is internal may well in its 
by sein been influenced. previously 
y external agents. In our stickleback 
example, the level of male sex hor- 
wee bm penes by external agents 
SF ie ifc length of the daily expo- 
Gro 7 e Jm a period of a month 
Sadina 5 less far back in time, its 
Husneg 1 attack may have been in- 
say, Half BY some experience gained, 
3 SAUL e hour before the fight. 

"s prn that I have now been spend- 
888 51 = deal of time on what would 
tlie — ffe a perfectly simple issue: 
edd * e in the analysis of the 
Ünsidyh « asion, which is to dis- 
eri a any [piven moment be- 
"cr within the animal and 
is s in the environment. It 1s of 
derstan aoa for our further un- 
iners to unravel the complex 
and i ions between these two worlds, 
n particular the physiology of 

A great deal is 


C NS 
I mp behavior. 
Ad ton 
s ng discovered about this, but for 
Y present issue there is no Use dis- 


inr it as long as even the first step 
Pel p is has not led to a clearly 
Miss A and generally accepted con- 
are at tl Ve must remember that we 
human ys moment concerned with the 
attack problem: k What makes men 
lem 1 other?“ And for this prob- 
questio answer to the first stage of our 
our poe a of prime importance: Is 
8 start an attack con. 
conia a Af it were—if our ag- 
of an Welga were the outcome 
ties of Ps apts with the proper. 
lave ie d slot machine—all we would 
exte ko would be to control the 

rnal situation: to stop providing 
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threepenny bits. But since our readi- 
ness to start an attack is variable 
further studies of both the external 
and the internal variables are vital to 
such issues as: Can we reduce fight- 
ing by lowering the population den- 
sity, or by withholding provocative 
stimuli? Can we do so by changin, 
the hormone balance or other physi- 
ological variables? Can we perhaps in 
addition control our development in 
such a way as to change the depend- 
on internal and external factors 
in adult man? However, before dis- 
cussing development, I must first re- 
turn to the fact that I have mentioned 
before, namely, that man is, among 
the thousands of other species that 
fight, the only mass murderer. How 
do animals in their intraspecific dis- 
putes avoid bloodshed? 


ence 


The Importance of “Fear” 


The clue to this problem is to recog- 
nize the simple fact that aggression in 
animals rarely occurs in pure form; it 

vO components of an 


is only one of tw 
This is most clearly 


adaptive system. 
seen in territorial behavior, although 


it is also true of most other types of 
hostile behavior. Members of territo- 
rial species divide, among themselves, 
the available living space and oppor- 
tunities by each individual defending 
its home range against competitors. 
Now in this system of parceling our 
living space, avoidance plays as im- 
portant à part as attack. Put very 
briefly, animals of territorial species, 
hey have settled on a territory, 
attack intruders, but an animal that 
is still searching for a suitable terri- 
tory Or finds itself outside its home 
range withdraws when it meets with 
an already established owner. In terms 
of function, once you have taken pos- 
of a territory, it pays to drive 


once t 


session 
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off competitors; but when you are 
still looking for a territory (or meet 
your neighbor at your common boun- 
dary), your chances of success are im- 
proved by avoiding such established 
owners. The ruthless fighter who 
"knows no fear" does not get very 
far. For an understanding of what 
follows, this fact, that hostile clashes 
are controlled by what we could call 
the “attack-avoidance system," is es- 
sential. : 

When neighboring territory owners 
meet near their common boundary 
both attack behavior and withdrawal 
behavior are elicited in both animals; 
each of the two is in a state of motiva- 
tional conflict. We know a great cleal 
about the variety of movements th 
appear when these two conflicting, 
incompatible behaviors are elicited, 
Many of these expressions of a 
tivational conflict have, 
of evolution, ac 
in colloquial 


, 


at 


mo- 
in the course 
quired signal function; 
language, they signal 
"Keep out!" We deduce this from the 
fact that opponents respond to them 
in an appropriate way: instead of pro- 
ceeding to intrude, which would re- 
quire the use of force, trespassers with- 
draw, and neighbors are contained by 
each other. This is how such animals 
have managed to have all the advan- 
tages of their hostile behavior with. 
out the disadvantages: they divide 
their living space in à bloodless way 
by using as distance-keeping 
these conflict movements 
rather than actual fighting. 


devices 
("threat") 


Group Territories 


In order to see our wars in their 
correct biological perspective one 
more comparison with animals is use- 
ful. So far I have discussed animal 
species that defend individual or at 
best pair territories. But there are also 


animals which possess and defend ter-- 
ritories belonging to a group, 
clan (10). 

Now it is an essential aspect of 
group territorialism that the mem- 
bers of a group unite when in hostile 
confrontation with another group 
that approaches, or Crosses into their 
feeding territory. The uniting and the 
aggression are equally important. It is 
essential to re 


or a 


alize that group terri- 
torialism does not exclude hostile re- 
lations on lower levels v 


vhen the group 
is on its own. 


For instance, within a 
group there is often a peck order. And 
within the group there may be indi- 
vidual or pair territories. But fric- 
tions due to these relationships fade 
away during a clash between groups. 
This temporary elimination is done 
by means of so-called appeasement 
and reassurance signals. They indicate 
"I am a friend,” and so diminish the 
risk that, in the general flare-up of 
anger, any animal "takes it out" on 
a fellow member of the same group 
(JJ). Clans meet clans as units, and 
each individual in an intergroup 
dash, while united with its fellow- 
members, is interindividual 
attack and with- 
and shouts rather 


(as in 
clashes) torn between 
drawal, and postures 
than attacks, 
We must now 


examine the hypoth- 
esis (which I con 


sider the most likely 
one) that man sull carries with him 


the animal heritage of group terri- 
toriality. This is a question concern- 
ing man’s evolutionary origin, and 
here we are, by the very nature of the 
subject, forced to speculate, Because 


I am going to Say something about 
the behavior 


of our ancestors of, say, 
100,000 years ago, [ have to discuss 
briefly a matter 


of methodology. It 
biologists (but un- 
unknown to most Psy- 
at comparison of present- 


is known to all 
fortunately 
chologists) th 
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day species can give us a deep insight, 
ing „„ closely approach- 
history 1 8 into the evolutionary 
fossil evi ee SPECTES: Even where 
parative "tls iy Tacki Hus com; 
It has to ee md alone Gu do this. 
Son is a hj big sed that this compari- 
and not n VE sophisticated method. 
species M a matter of saying that 
MESE ie Mint iim diuum d 
interpret US pe is this. We 
allied 8 10 ne between really 
tive 8 as the result of adap- 
mon Mock m cvolution from. com- 
ities s and we interpret similar- 
adaptive DE nonallied species as 
of life RORE E A to similar ways 
tions of i Sudan the adaptive func- 
Rin ru characteristics we un- 
have prod iid natural selection can 
and cai both these divergencies 
Striking 5 To mention one 
fossil ERODE even if we had no 
method act we could, by this 
what d recognize whales for 
returned 1 are—mammals that have 
Sb. have y tig water, and, in doing 
to fish Ti evpper some similarities 
son, whi 111 special type of compari- 
cessfully 1 been applied so suc- 
of Biene students of the structure 
and 5 1 has now also been used. 
Studies of equal success. in several 
Proaches 1 behavior. Two ap- 
to see m eae been applied. One is 
different Fa agp oir species of very 
adapted to R ] have convergently 
aartman . way of life. Von 
Study of vid has applied this to 2 
in 1 s of many types that nest 
vice. All 2 anti-predator safety de- 
territorial £o hole-nesters center their 
hole, DL MADE on a suitable nest 
ing a roe courtship consists of lur- 
ale to this hole (often with 


the 

us : 

se of bright color patterns). 
gencral 
f the 


hei 
ir young gape when a 


dark E 
ening signals the arrival © 
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parent. All but the most recently 
adapted species lay uniformly colored 
white or light blue eggs that cai 
easily be seen by the parent. 

An example of adaptive divergence 
has been studied by Cullen (74). 
Among al the gulls, the kittiwake is 
unique in that it nests on very narrow 
ledges on sheer cliffs. Over 20 pecu- 
liarities of this species have been rec- 
ognized by Mrs. Cullen as vital adap- 
tations to this particular habitat. 

These and several similar studies 
(15) demonstrate how comparison re- 
veals, in each species, systems of in- 
terrelated, and very intricate adaptive 
features. In this work, speculation is 
now being followed by careful experi- 
mental checking. It would be tempt- 
ing to elaborate on this, but I must 
return to our own unfortunate spe- 


cies. 
Now, when we include the “Naked 
Ape” in our comparative studies, it 
as has been recently 


becomes likely ( 
worked out in great detail by Morris) 


that man is a “social Ape who has 
turned carnivore” (16). On the one 
hand he is a social primate; on the 
other, he has developed similarities 
to wolves, lions and hyenas. In our 
present context one thing seems to 
stand out clearly, à conclusion that 
seems to me of paramount impor- 
tance to all of us, and yet has not yet 
been fully accepted as such. As a so- 
hunting primate, man must orig- 
have been organized on the 
oup territories. 
Ethologists tend to believe that we 
still carry with us a number of behav- 
ioral characteristics of our animal an- 
cestors, which cannot be eliminated 
by different ways of upbringing, and 
that our group territorialism is one 
of those ancestral characters. I shall 
discuss the problem of the modifiabil- 
ity of our behavior later, but it is use- 


cial, 
inally 
principle of gr 
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ful to point out here that even if A 
bel avior were much more 5 
hn Lorenz maintains, our cultura 
5 i in th ar- 
i h resulted in the p 
evolution, whic res R par 
celing-out of our living space on lines 
of tribal, national, and now YN 
“bloc” areas, would, if anything, ee 
tended to enhance group territorial- 
ism. 


Group Territorialism in Man? 


I put so much emphasis on this is- 
sue of group territorialism because 
most writers who have tried to apply 
ethology to man have done this in the 
wrong way. They have made the mis- 
take, to which I objected before, of 
uncritically extrapolating the results 
of animal studies to man. They try 
to explain man's behavior by using 
facts that are valid only of some of 
the animals we studied. And, as ethol- 
ogists keep stressing, no two species 
behave alike. "Therefore, instead. of 
taking this easy way out, we ought to 
study man in his own right. And I 
repeat that the message of the ethol- 
ogists is that the method 
the results, 
used for such a study. 

Now, the notion of territory 
developed by zoolog 
by ornithologists, 17 
dividual and pair te 
in so many more s 
territories (which are particularly rare 
among birds), most animal 
were concerned with such ind 
and pair territories. Now such low. 
level territories do occur in man, as 
does another form of hostile b 
the peck order. But the 
created by such low-level frictions are 
not serious; they can, within a com- 
munity, be kept in check by the ap. 
paratus of law and order; peace 
within national boundaries can be en- 


5, rather than 
of ethology should be 


was 
ists (to be precise, 
) and because in- 
rritories are found 
pecies than group 


studies 


ividual 


ehavior, 
problems 


forced. In order to understand what 
makes us go to war, we have to recog- 
nize that man behaves very much like 
a group-territorial species. We too 
unite in the face of an outside danger 
to the group; we "forget our differ- 
ences." We too have threat gestures, 
for instance, angry facial expressions. 
And all of us use reassurance and ap- 
peasement signals, such as a friendly 
smile. And (unlike speech) these are 
universally understood; they are cross- 
cultural; they are species-specific. And, 
incidentally, even within a group 
sharing a common language, they are 
often more reliable guides to a man’s 
intentions than speech, for speech (as 
we know now) rarely reflects our true 
motiv but our facial ex pressions 
often "give us away." 

If I may digress for a moment: it is 
humiliating to us ethologists that 
many nonscientists, particularly novel- 
ists and actors, intuitively understand 
Our sign language much better than 
We scientists ourselves do. Worse, 
there is a category of human beings 
who understand intuitively more 
about the causation of our aggressive 
behavior: the great demagogues. They 
have applied this knowledge in order 
to control our behavior in the most 
clever ways, and often for the most 


€vil purposes. For instance, Hitler 
(who had modern mass communica- 
tion 


at his disposal, which 
him to inflame 


on both fightin 
fensive' 


allowed 
à whole nation) played 
8 tendencies. The "de- 
: ' fighting was whipped up by 
his passionate statements about "liv- 
ing space,” “encirclement,” Jewry, 
and Freemasonry as threatening 
Powers which made the Germans feel 
“cornered,” The “attack fighting” 
was similarly set ablaze by playing the 
myth of the Herrenvolk, We must 
make sure that mankind has learned 
its lesson and will never forget how 
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disastrous A 
were led 955 m the mage nations 
life on eartl i bs 1 man like Hitler, 
I have a would be wiped out. 
trating dao ac my case for concen- 
ality "ako es of group territori- 
gression. I than on other types of ag- 
context, to ion now return, in this 
mass cies problem of man the 
even our erer W hy don't we settle 
the „ disputes by 
method of vh npe animal 
come von * 
attack erü 1 50 that so often our 
check by Bane being kept in 
no fear, ae E is not that we have 
inhibitions 8 : Ha we have no other 
lem has us jog killing. This prob- 
in the gene = considered first of all 
quences of T context of the conse- 
a new type man having embarked on 
of evolution. 


C 
ultural Evolution 


M: 

in ee à ability, unparalleled 
Passing on s animal kingdom, of 
generation iis experiences from one 
mulative ; to the next. By this accu- 
Process, Ae exponentially growing 
tion, he 805 i we call cultural evolu- 
Ehwirnnmen PE able to change his 
Teri ien, progressively out of all 
Social envin And this includes the 
evolution . This new type of 
rably „ at an incompa- 
fion. Geneti pace than genetic evolu- 
very ae we have not evolved 
man, but c npa since Cro-Magnon 
beyond rec u turally we have changed 
at an 5 and are changing 
Course tru rincreasing rate. It is of 
able oe 9 we are highly adjust 
to keep s ually, and so could hope 
annot ony with these changes. But 
behavioral ew d believing that this 
9f modifi adjustability like all types 
lability, has its limits. These 


limits are imposed upon us by our 
hereditary constitution, a constitution 
which can only change with the far 
slower speed of genetic evolution 
"T here are good grounds for the 8515 
clusion that man's limited behavioral 
adjustability has been outpaced by 
the culturally determined changes in 
his social environment, and that this 


is why man is now a misfit in his own 
society. 

We can now, at last, return to the 
rol of uninhibited mass 
killing. It seems quite clear that our 
cultural evolution is at the root of 
the trouble. It is our cultural evolu- 
tion that has caused the population 
explosion. In a nutshell, medical 
science, aiming at the reduction of 
suffering, has, in doing so, prolonged 
life for many individuals as well— 
prolonged it to well beyond the point 
at which they produce offspring. Un- 
like the situation in any wild species, 
recruitment to the human population 
consistently surpasses losses through 
mortality. Agricultural and technical 
know-how have enabled us to grow 
food and to exploit other natural re- 
sources to such an extent that we can 
still feed (though only just) the enor- 
numbers of human beings on 
our crowded planet. The result is 
that we now live at a far higher den- 
sity than that in which genetic evolu- 
tion has molded our species. This, 
together with long-distance communi- 
cation, leads to far more frequent, in 


fact to continuous, intergroup CON- 
tacts, and so tO continuous external 
provocation of aggression. Yet this 
alone would not explain our increased 
tendency to kill each other; it would 


merely lead to continuous threat be- 


problem of war, 


mous 


havior. 
The upsetting of the balance be- 
tween aggression and fear (and this 


is what causes war) is due to at least 
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three other consequences of cultural 
evolution. It is an old cultural phe- 
nomenon that warriors are both brain- 
washed and bullied into all-out fight- 
ing. They are brainwashed into 
believing that fleeing—originally, as 
we have seen, an adaptive type of be- 
havior—is despicable, “cowardly.” 
This seems to me due to the fact that 
man, accepting that in moral issues 
death might be preferable to fleeing, 
has falsely applied the moral concept 
of “cowardice” to matters of mere 
practical importance—to the dividing 
of living space. The fact that our 
soldiers are also bullied into all-out 
fighting (by penalizing fleeing in bat- 
tle) is too well known to deserve 
elaboration. 

Another cultural excess is our abil- 
ity to make and use killing tools, espe- 
cially long-range weapons. These 
make killing easy, not only because 
a spear or a club inflicts, with the 
same effort, so much more damage 
than a fist, but also, and mainly, be- 
cause the use of long-range weapons 
prevents the victim from reaching his 
attacker with his appeasement, reas- 
surance, and distress signals. Very few 
aircrews who are willing, indeed 
eager, to drop their bombs “on target” 
would be willing to strangle, stab, or 
burn children (or, for that matter, 
adults) with their own hands; they 
would stop short of killing, in re- 
sponse to the appeasement and dis- 
tress signals of their Opponents, 


come such 
have to stress once more that 
however convincing it may see 
still be studied more thoroughly, 
There is a frightening, and ironical 
paradox in this conclusion: that the 
human brain, the finest life-presery- 
ing device created by evolution, has 


But I 
all this, 
m, must 


made our species so successful in mas- 
tering the outside world that it sud- 
denly finds itself taken off guard. One 
could say that our cortex and our 
brainstem (our “reason” and our "in- 
stincts") are at loggerheads. Together 
they have created a new social envi- 
ronment in which, rather than ensur- 
ing our survival, they are about to 
do the Opposite. The brain finds it- 
self seriously threatened by an enemy 
of its own making. It is its own enemy. 
We simply have to understand this 
enemy. 


The Development of Behavior 

I must now leave the question of 
the moment-to-moment control of 
fighting, and, looking further back in 
time, turn to the development of ag- 
gressive behavior in the growing in- 
dividual. Again we will start from the 
human problem. This, in the present 
context, is whether it is within our 
Power to contro] development in such 
à way that we reduce or eliminate 
fighting among adults, Can or cannot 
education in the widest sense produce 
nonageressive men? 

The first Step in the consideration 
of this problem is again to distinguish 
between external and interna] influ- 
ences, but now we Must apply this to 
the growth, the changing, of the be- 
havioral machinery during the indi- 
vidual's development. Here again the 
Way in which we phrase our questions 


and our conclu of the utmost 
Importance, 


In order to discuss this issue fruit- 
fully, I h 


f ave to start once more by 
considering it in a wider contexpt, 
Which is now that of the “nature- 

Problem with respect to be- 
- This has been dis- 
by Lorenz in his 
4 Modification of 


Sions is 
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Behaviour (18); for a discussion of 
the environmentalist point of view 
I refer to the various works of 
Schneirla (see 19). 

Lorenz tends to classify behavior 
types into innate and acquired or 
learned behavior. Schneirla rejects 
this. dichotomy into two classes of be- 
havior, He stresses that the develop- 
mental process, of behavior as well as 
of other functions, should be con- 
te and also that this develop- 
sites orms a highly complicated 

SAK of interactions between the 
un t 3 and its environ- 
Vince: lave gradually become con- 
vinced that the clue to this difference 
Picts ico is to be found in a dif- 
terence in aims between the two 
5 ie Lorenz claims that "we are 
time ur in leaving, at least for the 
Diei. to the care of the experi- 
üops iel ee all those ques- 
dine Df OE are concerned with the 
ing re. physiological causation lead- 
ment m the genome to the develop- 
tures" e. v , heurósensory struc- 
delibe ( 8, P. 13). In other words, he 
anal Srately refrains from starting his 
"EG m of development prior to the 
[NEM e e a fully coordinated be- 
f one 5 performed for the first time. 
les to ihs this way restricts one's stud- 
then a art stages of development, 
eaaa o ation in “innate and 
Ponents behavior, or behavior com- 
Juste be considered. quite 

led. And there was a time, some 
feum ago, when the almost gro- 
cholog y environmentalist bias of psy- 
Ogists : made it imperative for ethol- 
behavior stress the extent to which 
Perfect € patterns could appear in 
the a s near-perfect form without 
Proper] of anything. that could be 
agree y 988555 learning. But I now 
Made ne belatedly) with 
a that we must extend our 
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interest to earlier stages of develop- 
ment and embark on a full program 
of experimental embryology of behav- 
ior. When we do this, we discover 
that interactions with the environ- 
ment can indeed occur at early stages. 
These interactions may concern small 
components of the total machinery of 
a fully functional behavior pattern, 
and many of them cannot possibly 
be called learning. But they are inter- 
actions with the environment, and 
must be taken into account if we 
follow in the footsteps of the experi- 
mental embryologists, and extend our 
field of interest to the entire sequence 
of events which lead from the blue- 
prints contained in the zygote to the 
fully functioning, behaving animal. 
We simply have to do this if we want 
an answer to the question to what ex- 
tent the development of behavior can 
be influenced from the outside. 

When we follow this procedure the 
rigid distinction between “innate” or 
unmodifiable and “acquired” or modi- 
fiable behavior patterns becomes far 
less sharp. This is owing to the dis- 
covery, on the one hand, that “innate” 
patterns may contain elements that 
at an early stage developed in inter- 
action with the environment, and, on 
the other hand, that learning is, from 
step to step, limited by internally im- 

sed restrictions. 

To illustrate the first point, I take 
the development of the sensory cells 
in the retina of the eye. Knoll has 
shown (20) that the rods in the eyes 
of tadpoles cannot function properly 
unless they have first been exposed to 
light. This means that, although any 
visually guided response of a tadpole 
may well, in its integrated form, be 
"innate" in Lorenz’s sense, it is so 
only in the sense of “nonlearned,” 
not in that of "having grown without 
interaction. with the environment." 
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Now it has been shown by Cullen 
(21) that male sticklebacks reared 
from the egg in complete isolation 
from other animals will, when adult, 
show full fighting behavior to other 
males and courtship behavior to fe- 
males when faced with them for the 
first time in their lives. This is ad- 
mittedly an important fact, demon- 
strating that the various recognized 
forms of learning do not enter into 
the programming of these integrated 
patterns. This is a demonstration of 
what Lorenz calls an "innate re- 
sponse." But it does not exclude the 
possibility that parts of the machinery 
so employed may, at an earlier stage, 
have been influenced by the environ- 
ment, as in the case of the tadpoles. 

Second, there are also behavior 
patterns which do appear in the in- 
experienced animal, but in an incom- 
plete form, and which require addi- 
tional development through learning. 
"Thorpe has analyzed a clear example 
of this: when young male chaf- 
finches reared alone begin to produce 
their song for the first time, they utter 
a very imperfect warble; this devel. 
ops into the full song only if, at a 
certain sensitive stage, the young 
birds have heard the full song of an 
adult male (22). 

By far the most interesting aspect 
of such intermediates between innate 
and acquired behavior is the fact that 
learning is not indiscriminate, but is 
guided by a certain selectiveness on 


the part of the animal. This fact has 


been dimly recognized long ago; the 
early ethologists have often pointed 
out that different, even closely related, 


species learn different things even 
when developing the same behavior 
patterns. This has been emphasized 
by Lorenz's use of the term "innate 
teaching mechanism." Other authors 


use the word “template” in the same 
context. The best example I know is 
once more taken from the develop- 
ment of song in certain birds. As I 
have mentioned, the males of some 
birds acquire their full song by chang- 
ing their basic repertoire to resemble 
the song of adults, which they have 
to hear during a special sensitive pe- 
riod some months before they sing 
themselves. It is in this sensitive pe- 
riod that they acquire, without as yet 
producing the song, the knowledge of 
"what the song ought to be like." In 
technical terms, the bird formed a 
Sollwert (23) (literally, "should-value," 
an ideal) for the feedb 
when they hear their own first at- 
tempts. Experiments 
(24) that such birds, when they start 
to sing, do three things: they listen 
to what they produce; they notice 
the difference between this feedback 
and the ideal song; and they correct 
their next performance. 

This example, while 
ing an internal te 
shows, at the sam 
made his conce 


ack they receive 


have shown 


demonstrat- 
aching mechanism, 
€ time, that Lorenz 
a Pt too narrow when he 
coined the term “innate teaching 
mechanism.” The birds have devel- 
oped a teaching mechanism, but while 
1t is true that it is internal, it is not 
innate; the birds have acquired it 
by listening to their father's song. 

These examples show that if be- 
havior Studies are to catch up with 
experimental embryology our aims, 
our concepts, and our terms must be 
continually revised, 

Before ret 
should like 
on general 
opment, 


"ning to aggression, I 
to elaborate a little further 
aspects of behavior devel- 
because this will enable me 
to show the Value of animal studies 
m another context, that of education. 

Comparative Studies, of different 
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animal species, of different behavior 
patterns, and of different stages of 
development, begin to suggest that 
wherever learning takes a hand in 
5 it is guided by such 
Sollwerte or templates for the proper 
feedback, the feedback that reinforces. 
And it becomes clear that these vari- 
oiis; Sollwerte are of a bewildering 
Variety. In human education one as- 
pect of this has been emphasized in 
in ad and even applied in the 
ment ae machines: the require- 
maxim at the reward, in order to have 
Sines 1 effect, must be immediate. 
7 has stressed this so much be- 
cause in our own teaching we have 
Imposed an unnatural delay between, 
97 taking in homework, and giving 
9 his reward in the form of 
ains $ But we can learn more from 
media studies than the need for im- 
ie ps din reward. The type of re- 
this a also of great importance, and 
stage i vary from task to task, from 
casi to stage, from occasion to oc 
casion; the awards may be of almost 
infinite variety. ) 
aa I have to discuss briefly a be- 
unable of which I have so far been 
devel e to find the equivalent in the 
l “opment of structure. This is ex- 
Y aid behavior. By this we mean 
mal : pI behavior in which the ani- 
iniata out to acquire as much 
tion a Un about an object or à situa- 
ior is . possibly get. The bonn. 
and 5 adapted to this emal. 
tion hz terminates when the informa 
has 925 been stored, when the ne 
bikes it in its learnec 
thes edge, This exploration. (sub) 
na ty speak of curiosity“) ig no 
tion x to the acquisition of informa- 
at | eig the external world alone: 
lere mammals explore their own 
ments a great deal, and in this 
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way "master new skills." Again, in this 
exploratory behavior, Sollwerte of ex- 
pected, "hoped-for" feedbacks play 
their part. 

Without going into more detail, we 
can characterize the picture we begin 
to get of the development of behav- 
ior as a series, or rather a web, of 
events, starting with innate program- 
ing instructions contained in the 
zygote, which straightaway begin to 
interact with the environment; this 
interaction may be discontinuous, in 
that periods of predominantly inter- 
nal development alternate with pe- 
riods of interaction, or sensitive pe- 
riods. The interaction is enhanced by 
active exploration; it is steered by 
selective. Sollwerte of great variety; 
and stage by stage this process rami- 
fies; level upon level of ever-increasing 
complexity is being incorporated into 
the programing. 

Apply what we have heard for a 
moment to playing children (I do not, 
of course, distinguish sharply between 
“play” and "learning"). At a certain 
age a child begins to use, say, build- 
ing blocks. It will at first manipulate 


them in various ways, one at a time. 


Each way of manipulating acts as ex- 
ploratory behavior: the child learns 
what a block looks, feels, tastes like, 
and so forth, and also how to put it 
down so that it stands stably. 

Each of these stages "peters out" 
when the child knows what it wanted 
to find out. But as the development 
ds, a new level of exploration 
is added: the child discovers that it 
can put one block on top of the other; 
it constructs. The new discovery leads 
to repetition and variation, for each 
child develops, at some stage, a desire 
and a set of Sollwerte for such effects 
of construction, and acts out to the 
full this new level of exploratory be- 


procee 
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havior. In addition, already at this 
stage the Sollwert or ideal does not 
merely contain what the blocks do, 
but also what, for instance, the 
mother does; her approval, her shared 
enjoyment, is also of great impor- 
tance. Just as an exploring animal, 
the child builds a kind of inverted 
pyramid of experience, built of layers, 
each set off by a new wave of explora- 
tion and each directed by new 
of Sollwerte, and so its development 
“snowballs.” All these phases may 
well have more or less limited sensi- 
tive periods, which determine when 
the fullest effect can be obtained, and 
when the child is ready for the next 
step. More important still, if the op- 
portunity for the next stage is offered 
either too early or too late, develop- 
ment may be damaged, including the 
development of motivational and emo- 
tional attitudes, 

OF course gifted teachers of many 
generations have known all these 
things (25) or some of them, but the 
glimpses of insight have not been 
fully and scientifically systematized. 
In human education, this would of 
course involve experimentation, This 
need not worry us too much, because 
in our search for better educational 
Procedures we are in effect experi- 
menting on our children all the time. 
Also, children are fortunately incredi- 
bly resilient, and Most grow up into 
pretty viable adults in spite of our 
fumbling educational efforts. vet 
there is, of course, a limit to what 
we will allow Ourselves, and this, I 
should like to emphasize, 
animal studies may w 
more important than 


sets 


is where 
ell become even 
they are already, 


Can Education End Aggression? 


Returning now to the development 
of animal and human aggression, I 


hope to have made at least several 
things clear: that behavior develop- 
ment is a very complex phenomenon 
indeed; that we have only begun to 
analyze it in animals; that with re- 
Spect to man we are, if anything, 
behind in comparison with animal 
studies; and that I cannot do other- 
wise than repeat what I said in the 
beginning: we must make a major re- 
search effort. In this effort animal 
studies can help, but we are still very 
far from drawing very definite con- 
clusions with regard to our question: 
To what extent shall we be able to 
render man less aggressive. through 
manipulation of the environment, 
that is, by educational measures? 

In such a situation personal opin- 
ions naturally vary a great deal. I do 
not hesitate to give as my personal 
opinion that Lorenz's book On Ag- 
gression, in spite of its assertativeness, 
in spite of factual mistakes, and in 
spite of the many possibilities of mis- 
understandings that are due to the 
lack of a common language among 
students of behavior—that this work 
must be taken more seriously as a 
positive contribution to our problem 
than many critics have done, Lorenz 
is, in my Opinion, right in claiming 
that elimination, through education, 
of the internal urge to fight will turn 


out to be very difficult, if not im- 
possible. 


Everything I have said so far seems 
to me to allow for only one conclu- 
Sion. Apart from doing our utmost 
to return to a reasonable population 
density, apart from stopping the pro- 


Sressive depletion and pollution of 
our habitat, 


logical study 


clarifying Problems of 
lav. i 
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ee remember that there are ex- 
10 5 1 worldwide famine 
we have en xem from now; and that 
all huma "A weapons to wipe out 
the paar ife on earth. Whatever 
simple 8 of our aggression, the 
we are zi : i that for the time being 
that en i: en with it. This means 
bn. mui crying need for a € 
for keepir a finding ways and means 
in check 1 intergroup aggression 
infinitely iie 1s of course in practice 
ling our MAE difficult than control- 
have 98 TA frictions; we 
national SETEN got a truly inter- 
hope for . ſorce. But there is 
for the RR all-out war because, 
afraid of phos in history, we are 
lethal radi: ning ourselves by the 
that We pnd effects even of bombs 
territory ii drop in the enemy's 
And as B 5 ee know this. 
there is wette 35 there is this hope, 
What we ry reason to try and learn 
Here Aet: from animal studies. 
have bmi they can be of help. We 
nents am seen that animal oppo- 
bloodshed 127 noa hostile clash avoid 
ol their Jy MSIDE the expressions 
THE inel iere conflicts as mM- 
Studied rh bas gan Ethologists have 
some deen conflict movements 1n 
they are- e and have found that 
most instru a variety of types. The 
rected pena ol these is the re- 
the 5 instead of attacking 
animals um yet dreaded, opponent, 
Often even en attack something else, 
Ourselves b an inanimate object. We 
€directio DS the table with our fists. 
sublimation includes something like 
judgment ^ a term attaching a value 
cies with 5 the redirection. As a spe 
ike Mer a territories, humans, 
common pet unite when meeting à 
limate nemy. We do already sub- 
Dutch our group aggression. The 
feel united in their fight 


against the sea. Scientists do attack 
their problems together. The space 
program—surely a mainly military ef- 
fort-is an up-to-date example. I 
would not like to claim, as Lorenz 
does, that redirected attack exhausts 
the aggressive urge. We know from 
soccer matches and from animal work 
aggressive behavior has two si- 
multaneous, but opposite effects: a 
waning effect, and one of self-inflam- 
mation, of mass hysteria, such as re- 
cently seen in Cairo. Of these two the 
inflammatory effect often wins. But if 
ere used successfully as 
the motive force behind nonkilling 
and even useful activities, self-stimu- 
lation need not be a danger; in our 
short-term cure we are not aiming at 
the elimination of aggressiveness, but 
at "taking the sting out of i6" 

Of all sublimated activities, scien- 
tific research would seem to offer the 
best opportunities for deflecting and 
sublimating our aggression. And, 
once we recognize that it is the dis- 
rupted relation between our own be- 
havior and our environment that 
forms our most deadly enemy, what 


could be better than uniting, at the 
1 the lines, in the sci- 


how 


aggression W 


front or behinc 
entific attack on our own behavioral 
problems? 

] stress "behind the lines." The 


ation should be made to 
articipates in the strug- 
cientists will always 
have the duty to inform their fellow- 
men of what they are doing, of the 
relevance and the importance of their 
work. And this is not only a duty, it 
can give intense satisfaction. 

I have come full circle. For both the 
long-term and the short-term remedies 
at least we scientists will have to sub- 
limate our aggression into an all-out 
attack on the enemy within. For this 
the enemy must be recognized for 


whole popul 
feel that it P 
gle. This is why S 
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what it is: our unknown selves, or, 
deeper down, our refusal to admit 
that man is, to himself, unknown. 

I should like to conclude by saying 
a few words to my colleagues of the 
younger generation. Of course we all 
hope that, by muddling along until 
we have acquired better understand- 
ing, self-annihilation either by the 
“whimper of famine” or by the "bang 
of war" can be avoided. For this, we 
must on the one hand trust, on the 
other help (and urge) our politicians. 
But it is no use denying that the 
chances of designing the necessary 
preventive measures are small, let 
alone the chances of carrying them 
out. Even birth control still offers a 
major problem. F 

It is difficult for my generation to 
know how seriously you take the 
danger of mankind destroying his 
own species. But those who share the 
apprehension of my generation might 
perhaps, with us, derive strength from 
keeping alive the thought that has 
helped so many of us in the past 
when faced with the possibility of 
imminent death. Scientific research is 
one of the finest occupations of our 
mind. It is, with art and religion, one 
of the uniquely human w 


c ays of meet- 
ing nature, in 


fact, the most active 
way. If we are to succumb 


if this were to be ultimat 
our own stupidity, 


to speak, redeem our species. We 
could at least go down with some 
dignity, by using our brain for one of 
8 une tasks, by exploring to the 
end. 


; and even 
ely due to 
we could still, so 
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Hypnotism h 
selection from his 
counts much that was known 
process. 


HYPNOTISM 
William James 


Modes of Operating, and 
Susceptibility 


The ‘hypnotic,’ ‘mesmeric,’ or ‘mag- 
netic’ trance can be induced in vari- 
ous ways, each operator having his 
pet method. The simplest one is to 
leave the subject seated by himself, 
telling him that if he close his eyes 
and relax his muscles and, as far as 
possible, think of vacancy, in a few 
minutes he will ‘go off.’ On returning 
in ten minutes you may find him ef- 
fectually hypnotized. Braid used to 
make his subjects look at a bright 
button held near their forehead unti] 
their eyes spontaneously closed. The 
older mesmerists made ‘passes’ in a 
Reprinted with permission of the publisher 


from Principles of Psychology by Ww 
James, Dover 


bp. 593-616. 


illiam 
Publishing Company, 18990, 
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as long been a fascinating subject. In the following 
book Principles of Psychology, William James re- 


in his time about this still-mysterious 


downward 


€ 1 
direction over the face anc 
body, 


but without contact. Stroking 
the skin of the head, face, arms an 

hands, specially that of the region 
round the brows and eyes, will have 
the same effect. Staring into the eyes 
of the subject until the latter droop: 
making him listen to a watch's tick- 
ing; or simply making him close he 
eyes for a minute whilst you describe 
to him the feeling of falling int? 
sleep, ‘talk sleep’ to him, are equally 
efficacious methods in the hands © 
Some operators; whilst with trainee 
subjects any method whatever fron 
which they have been led by previous 
Suggestion 10 expect results will be 
successful.) The touching of an objec 


It should be said th 


T € at 0 
leaving the patient to himself, and that so- 
the simple verbal Suggestion of sleep 155 
called Nancy method introduced by Dr. L. 


of 
at the methods 


vnde af tip drinking of ‘magnetized’ 
ing on reception of a letter order- 
which 85 id sleep, etc., are means 
ployed Rece been frequently em- 
P cent M. Liégeois has hyp- 
Ae RA of his subjects at a 
then: ah 114 kilometres by giving 
— intimation to that effect 
TEN a telephone. With some sub- 
ab 4 paket tell them in advance that 
they ates hour of a certain day 
propieey is become entranced, the 
cal etl onde fulfilled Certain hysteri- 
into diss ts are immediately thrown 
sensation gue catalepsy by any violent 
or the ele üs à blow on à gong 
Meir e = Hng of an intense light in 
of the — Pressure on certain parts 
by M E y (called zones hypnogenes 
notic 3 rapidly produces hyp- 
regions woes some hysterics. These 
jects, dg nich differ in different sub- 
head a e ee found on the fore- 
thumbs E- about the root of the 

s. Finally, persons in ordinary 


Sleep k 

ion may be transferred into the 

"YPnotic condition by verbal intima- 
tly 


tion 
as ee | contact, performed so gen 
t to wake them up. 


or 
ne operators appear to be more 


baul 
cable, S pat place), seem, wherever appli- 
le Able the best, as they entail none of 
follow u inconveniences which occasionally 
Shoula 101 straining his e A new patient 
ifferent 5155 pue through a great va iety of 
e should rt pius in immediate suc ssion. 
and then ie waked up from time to time, 
usion and, »ypnotized to avoid mental con- 
a Subject y excitement. Before finally waking 
Suggestions v should undo whatever delusive 
9Y tellin ds may have implanted in him, 
and hat ie 105 that they are all gone, eic. 
as Natural are now going to restore him to 
state. Headache, languor, etc. 
the first trance or 
by the 
that 
that 


Which 
! sometimes follow 


two, 
Spenge be banished at the outset, 
Such thin Strongly assuring the subject 
he suh never come from hypnotism, 
must not have them, etc. 
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successful than others in getting con- 
trol of their subjects. I am informed 
that Mr. Gurney (who made valuable 
contributions to the theory of hyp- 
notism) was never able himself to 
hypnotize, and had to use for his ob- 
servations the subjects of others. On 
the other hand, Liébault claims that 
he hypnotizes 92 per cent of all com- 
ers, and Wetterstrand in Stockholm 
says that amongst 718 persons there 
proved to be only 18 whom he failed 
to influence. Some of this disparity is 
unquestionably due to differences in 
the personal ‘authority’ of the op, 
erator, for the prime condition of 
success is that the subject should con- 
fidently expect to be entranced. Much 
also depends on the operator's tact in 
interpreting the physiognomy of his 
subjects, so as to give the right com- 
mands, and ‘crowd it on’ to the sub- 
at just the propitious moments. 
These conditions account for the fact 
that operators grow more successful 
the more they operate. Bernheim says 
that whoever does not hypnotize 80 
per cent of the persons whom he tries 
has not yet learned to operate as he 
should. Whether certain operators 
have over and above this a peculiar 
‘magnetic power’ is a question which I 
leave at present undecided. Children 
under three or four, and insane per- 
sons, especially idiots, are unusually 
hard to hypnotize. This seems due to 
the impossibility of getting them to fix 
their attention continuously on the 
idea of the coming trance. All ages 
above infancy are probably equally 
hypnotizable, as are all races and both 
A certain amount of mental 
training, sufficient to aid concentra- 
tion of the attention, seems a favor- 
able condition, and so does a certain 
momentary indifference or passivity 
o the result. Native strength or 
f ‘will’ have absolutely 


ject, 
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nothing to do with the matter. Fre- 
quent trances enormously increase the 
susceptibility of a subject, and many 
who resist at first succumb after sev- 
eral trials. Dr. Moll says he has more 
than once succeeded after forty fruit- 
less attempts. Some experts are of the 
opinion that every one is hypnotiz- 
able essentially, the only difficulty be- 
ing the more habitual presence in 
some individuals of hindering mental 
preoccupations, which, however, may 
suddenly at some moment 
moved. 

The trance may be dispelled in- 
stantaneously by saying in a rousing 
voice, ‘All right, wake up!’ or words 
of similar purport. At the Salpétriére 
they awaken subjects by blowing on 
their eyelids. Upward passes have an 
awakening effect; sprinkling cold 
water ditto. Anything will awaken a 
patient who expects to be awakened 
by that thing. Tell him that he will 
wake after counting five, and he will 
do so. Tell him to wake in five min. 
utes, and he is very likely to do so 
punctually, even though he interrupt 
thereby some exciting histrionic per- 
formance which you may h 
gested.—As Dr. Moll says, 
which pretends to expl 
ology of the hypnotic state must keep 
account of the fact that 50 simple a 


thing as hearing the word "wake! will 
end it. 


be re- 


ave sug- 
any theory 
ain the physi- 


The theory of Suggestion denies 
that there is any specia] hypnotic 
state worthy of the name of trance or 
neurosis. All the symptoms above de- 
scribed, as well as those to be de- 
scribed hereafter, are results of that 
mental susceptibility which we all to 
some degree Possess, of yielding 
to outward Suggestion, of i 
what we strongly conceive, a 
ing in accordance with 


assent 
affirming 
nd of act- 
what we are 


made to expect. The bodily symptoms 
of the Salpétritre patients are all of 
them results of expectation and train- 
ing. The first patients accidentally did 


certain things which their doctors 
thought typical and caused to be re- 
peated. The subsequent subjects 


'caught on' and followed the estab- 
lished tradition. In proof of this the 
fact is urged that the classical three 
stages and their Brouped symptoms 
have only been reported as spontane- 
ously occurring, so far, at the Salpé- 
triére, though they may be superin- 
duced by deliberate suggestion, in 
patients anywhere found. The ocular 
symptoms, the flushed face, acceler- 
ated breathing, etc., are said not to be 
symptoms of the Passage into the hyp- 
notic state as such, but merely con- 
Sequences of the strain on the eyes 
when the method of looking at a 
bright Object is used, They are ab- 
sent in the subjects at Nancy, where 
simple verbal suggestion is employed. 
he various reflex effects (aphasia, 
echolalia, imitation, etc) are but 
habits induced by the influence of the 
Operator, who unconsciously urges the 
Subject. into the direction in which 
he Would prefer to have him go. The 
influence of the magnet, the opposite 
effects of Upward and downward 
Passes, etc, are similarly explained. 
Even that sleepy and inert conditions 
the advent of which seems to be the 
Prime condition of farther symptoms 
being developed, is said to be merely 
due to the fact that the mind expects 
It to come; whilst its influence on the 
other symptoms is not physiological, 
SO 10 speak, but psychical, its own 
€asy realization by suggestion simply 
encouraging the subject to expect that 
ulterior Suggestions will be realized 
with equal Case. The radical defend: 
ers of the Suggestion-theory are thus 
led to deny the very existence of the 


i Mut, in the sense of a pe- 
DES 33 condition which de- 
makes H patani of spontaneity and 
without Pe wen to suggestion from 
of the a be trance itself is only one 
in I nggestions, and many subjects 
other Sse be made to exhibit the 
the mas phenomena without 
TI iminary induction of this one. 
said - je of suggestion may be 
present diee triumphant at 
as held cay over the neuro: theory 
three st; at the Salpétriere, with its 
suppos epe and its definite symptoms 
agents 5 to be produced by physical 
Pübjser's adi from co-operation of the 
say ll 15 mind. But it is one thing to 
19 82 1 amd it is quite another thing 
l e there is no peculiar Physio, 
the T condition whatever worthy of 
a of hypnotic trance, no pe- 
mer: | ol nervous, equilibrium, 
you ji XY» dissociation, or whatever 
the 3 aa to call it, during which 
Fede qu, susceptibility to outward 
times, m is greater than at ordinary 
until, 1 ^ the facts seem to prove that, 
by u this trance-like state is assumed 
very AS patients suggestion produces 
When insignificant results, but that. 
imits ^ is once assumed, there are no 
in . — Suggestion’s power. The state 
PI ee has many affinities with 
that pn Be It is probable, in fact. 
wheney all pass through it transiently 
Might er we fall asleep: and one 
Usual mice. naturally describe ge 
Dy sa ‘elation of operator and subject 
Wier that the former keeps M 
sleepi suspended between waking ant 
keep 3 talking to him enough be 
So slumber from growing pro- 
to wak yet not in such a way as 
eft is tim up. A hypnotized patient 
asleep reet e either fall sani 
culty a wake up entirely. The dif k 
sons y hygnotug refractory Per- 
s that of catching them at the 
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right moment of transition and 
making it permanent. Fixing the eyes 
and relaxing the muscles of the body 
produce the hypnotic state just as they 
facilitate the advent of sleep. The first 
stages of ordinary sleep are character- 
ized by a peculiar dispersed attitude 
of the attention. Images come before 
consciousness which are entirely in- 
congruous with our ordinary beliefs 
and habits of thought. The latter 
ish altogether or withdraw, 
inertly into the background 
. and let the incongruous 
images reign alone. These images ac- 
moreover, an exceptional vi- 
they become first ‘hypnagogic 
hallucinations,’ and then, as the sleep 
grows deeper, dreams. Now the ‘mono- 
ideism, or else the impotency and 
failure to ‘rally’ on the part of the 
background-ideas, which thus charac- 
terize somnolescence, are unquestion- 
ably the result of a special physiologi- 
cal “change occurring in the brain at 
that time. Just so that similar mono- 
ideism, or dissociation of the reigning 
fancy from those other thoughts which 
might possibly act as its ‘reductives, 
which characterize the hypnotic con- 
sciousness, must equally be due to a 
cial cerebral change. The term 
‘hypnotic trance“ which I employ, 
tells us nothing of what the change 
is, but it marks the fact that it exists, 
and is consequently à useful expres- 
sion. The great vivacity of the hyp- 
notic images (as gauged by their motor 
effects), the oblivion of them when 
normal life is resumed, the abrupt 
awakening, the recollection of them 
again in subsequent trances, the anæs- 
thesia and hyperesthesia which are so 
frequent, all point away from our 
simple waking credulity and 'suggesti- 
pility’ as the type by which the phe- 
nomena are to be interpreted, and 
ke us look rather towards sleep and 
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dreaming, or towards those deeper 
alterations of the personality known 
as automatism, double consciousness, 
or ‘second’ personality for the true 
analogues of the hypnotic trance.” 
Even the best hypnotic subjects pass 
through life without any one suspect- 
ing them to possess such a remarkable 
susceptibility, until by deliberate ex- 
periment it is made manifest. The 
Operator fixes their eyes or their at- 
tention a short time to develop the 
propitious phase, holds them in it by 
his talk, and the state being there, 
makes them the Puppets of all his 
suggestions. But no ordinary sugges- 
tions of waking life ever took such 
control of their mind. 

The suggestion-theory may there- 
fore be approved as correct, provided 
we grant the trance-state as its pre- 
requisite. The three states of Charcot, 
the strange reflexes of Heidenhain, 
and all the other bodily phenomena 
which have been called direct conse- 
quences of the trance-state itself, are 
not such. They are products of sug- 
gestion, the trance-state having no 
particular outward symptoms 
own; but without the 
there, those particular 
could never have 
made.? 


of its 
trance-state 


suggestions 
been successfully 


2 The state is not identical with sleep, how- 
ever analogous in certain respects. The 
lighter stages of it, particularly, differ from 
sleep and dreaming, inasmuch as they are 
characterized almost exclusively by muscular 
inabilities and compulsions, which 
noted in ordinary somnolescence, and the 
mind, which is confused in somnolescence, 
may be quite clearly conscious, in the lighter 
state of trance, of all that is going on. 

3 The word ‘suggestion’ has been bandied 
about too much as if it explained all mys- 
teries: When the subject obeys it is by reason 
of the ‘operator's suggestion when he 
proves refractory it is in consequence of an 
'auto-suggestion' which he has made to him- 
self, etc., etc. What explains everything ex. 


are not 


The Symptoms of the Trance 


This accounts for the altogether in- 
definite array of symptoms which 
have been gathered together as char— 
acteristic of the hypnotic state. The 
law of habit dominates hypnotic sub- 
jects even more than it does waking 
ones. Any sort of personal peculiarity, 
any trick accidentally fallen into in 
the first instance by some one subject, 
may, by attracting attention, become 
stereotyped, serve as a pattern for imi- 
tation, and figure as the type of a 
school. The first subject trains the 
operator, the operator trains the suc- 
ceeding subjects, all of them in per- 
fect good faith conspiring together to 
evolve a perfectly arbitrary result. 
With the extraordinary perspicacity 
and subtlety of Perception which sub- 
Jects often display for all that con- 
cerns the operator with whom they 
are €n rapport, it is hard to keep them 
ignorant of anything which he ex- 
Pects. Thus it happens that one easily 
verifies on new subjects what one has 
already seen on old ones, or any de- 
sired symptom of which one may have 
heard or read. 


The symptoms earliest observed by 
writers were al] thought to be typical. 
But with the multiplication of ob- 
served phenomena, the importance of 
most Particular symptoms as marks 
e the has diminished. This 
lightens Very much our own immedi- 
ling to enumerate the 
* hypnotic trance, 


plains not 
t 


ly elude the action of the 
d that Usually all this happens 
9f which no after-memory re- 


waking will; an 


ina condition 
mains. 


may confine myself to those which 
are intrinsically interesting, or which 
differ considerably from the normal 
functions of man. 

First of all comes amnesia. In the 
earlier stages of hypnotism the patient 
remembers what has happened, but 
with successive sittings he sinks into 
a deeper condition, which is com- 
monly followed by complete loss of 
memory, He may have been led 
through the liveliest hallucinations 
and dramatic performances, and have 
exhibited the intensest apparent emo- 
tion, but on waking he can recall 
Nothing at all. The same thing hap- 
Pens on waking from sleep in the 
midst of a dream—it quickly eludes re- 
"wx But just as we may be reminded 
Of it, or of parts of it, by meeting 
Persons or objects which figured there- 
in, so on being adroitly prompted, 
the hypnotic patient will often re- 
ond what happened in his trance. 

he cause of the forgetfulness seems 
5 5 che disconnection of the trance 

ormances with the system of 
Waking ideas. Memory requires a con- 
eee train of association. M. Del- 
Mis: n reasoning in this way, woke his 
n in the midst of an “ae 
hands, during trance (washing 855 
remem pay and found that they the ; 
dui Cc the trance. The act 1 
But in bridged over the two states. 
ber G can often make them Lo 
trance merely telling them during th 
of o that they shall remember. e 
tecalle. trance, moreover, are usua y 
um either spontaneously or x 
TE during another trance, PFO 
tra that the contents of the two 
ances be not mutually incompatible. 
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oo patient believes 
ch his hypnotizer tells him, 


everything 
and 
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does everything which the latter com- 
mands. Even results over which the 
will has normally no control, such as 
sneezing, secretion, reddening and 
growing pale, alterations of tempera- 
ture and heart-beat, menstruation, ac- 
tion of the bowels, etc., may take place 
in consequence of the operator's firm 
assertions during the hypnotic trance, 
and the resulting conviction on the 
part of the subject, that the effects 
will occur. Since almost all the phe- 
nomena yet to be described are effects 
of this heightened suggestibility, I 
will say no more under the general 
head, but proceed to illustrate the 
peculiarity in detail. 

Effects on the voluntary muscles 
seem to be those most easily got; and 
the ordinary routine of hypnotizing 
consists in provoking them first. Tell 
the patient that he cannot open his 
eyes or his mouth, cannot unclasp his 
hands or lower his raised arm, cannot 
rise from his seat, or pick up a cer- 
tain object from the floor, and he will 
be immediately smitten with absolute 
impotence in these regards. The ef- 
fect here is generally due to the in- 
contraction of antagonizing 
muscles. But one can equally well 
suggest paralysis, of an arm for ex- 
in which case it will hang 
by the subject's side. 
Cataleptic and tetanic rigidity are 
easily produced by suggestion, aided 
by handling the parts. One of the 
favorite shows at public exhibitions 
is that of a subject stretched stiff as a 
board with his head on one chair and 
his heels on another. The cataleptic 
retention of impressed attitudes dif- 
fers from voluntary assumption of the 
same attitude. An arm voluntarily 
held out straight will drop from 
fatigue after a quarter of an hour at 
the utmost, and before it falls the 
agent's distress will be made manifest 


voluntary 


ample, h 
perfectly placid 1 
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by oscillations in the arm, disturb- 
ances in the breathing, etc. But Char- 
cot has shown that an arm held out 
in hypnotic catalepsy, though it may 
as soon descend, yet does so slowly 
and with no accompanying vibration, 
whilst the breathing remains entirely 
calm. He rightly points out that 
this shows a profound physiological 
change, and is proof positive against 
simulation, as far as this symptom 
is concerned. A cataleptic attitude, 
moreover, may be held for many 
hours.—Sometimes an expressive atti- 
tude, clinching of the fist, contraction 
of the brows, will gradually set up 
a sympathetic action of the other 
muscles of the body, so that at last a 
tableau vivant of fear, anger, disdain, 
prayer, or other emotional condition, 
is produced with rare perfection. This 
effect would seem to be due to the 
suggestion of the mental state by the 
first contraction. Stammering, apha- 
sia, or inability to utter certain words, 
pronounce certain letters, are readily 
producible by suggestion. 
Hallucinations of all the senses and 
delusions of every conceivable kind 
can be easily suggested to good sub- 
jects. The emotional effects are then 
often so lively, and the pantomime 
display so expressive, that it is hard 
not to believe in a certain ‘psychic 
hyper-excitability, as one of the con- 
comitants of the hypnotic condition. 
You can make the subject think that 
he is freezing or burning, itching or 
covered with dirt, or wet; vou can 
make him eat a potato for a peach, 
or drink a cup of vinegar for a glass 
of champagne: * ammonia will smell 
to him like cologne water; a chair will 


4A complete fit of drunkenness may be the 
consequence of the suggested champagne. It 
is even said that real drunkenness has been 
cured by suggestion 


be a lion, a broom-stick a beautiful 
woman, a noise in the street will be 
an orchestral music, etc., etc., with no 
limit except your powers of invention 
and the patience of the lookers on.5 
Illusions and hallucinations form the 
pièces de résistance at public exhibi- 
tions. The comic effect is at its climax 
when it is successfully suggested to 
the subject that his personality is 
changed into that of a baby, of a 
street boy, of a young lady dressing 
for a party, of a stump orator, or of 
Napoleon the Great. He may even be 
transformed into a beast, or an inani- 
mate thing like a chair or a carpet, 
and in every case will act out all the 
details of the part with a sincerity and 
intensity seldom scen at the theatre. 
The excellence of the performance is 
in these cases the best reply to the 
suspicion. that. the subject may be 
shamming—so skilful a shammer must 
long since have found his true func- 
tion in life upon the stage. Halluci- 
nations and histrionic delusions gen- 
erally go with a certain depth of the 
trance, and are followed by complete 
forgetfulness. The subject awakens 
from them at the command of the 
operator with a sudden start of sur- 
prise, and may seem for a while a 
little dazed. 

Subjects in this condition will re- 
ceive and execute suggestions of 
crime, and act out a theft, forgery, 


5 The suggested h 
lowed by a neg: 
were 


allucination may be fol- 
ative after-image, just as if it 
rea real object. This can be very easily 
verified with the Suggested hallucination of 
a colored cross on a sheet of white paper. 
The subject, on turning to another sheet of 
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I pee will sce a cross of the complementary 

(ius Hallucinations have been shown by 
M. Binet and Féré to 


928 inet be doubled by a 
prism or mirror, Magnified by a lens, and in 
ms uc 

nany other ways to hehave optically like real 
objects. These points h 


; ave been discussed. al- 
ready on p. 128 ff. 


arson, or murder. A girl will believe 
that she is married to her hypnotizer, 
etc. It is unfair, however, to say dat 
in these cases the subject is a pure 
puppet with no spontaneity. His spon- 
anaty is certainly not in abeyance so 
far as things go which are harmoni- 
ously associated with the suggestion 
De him. He takes the text from 
Pos a ag but he may amplify and 
out. 1 enormous! as he acts it 
tae = spontaneity is lost only for 
Vidi E reped of ideas which conflet 
ter is 85 suggested delusion. The Ve 
conscic aus systematized'; the rest o 
e is shut off, excluded, 
the igi from it. In extreme cases 
be Pee the mind would seem to 
CAL. abolished and the IP. 
„ to be literally a changet 
esc uy, in one of chose 
Carlier. states which we studied 
is often But the reign of the delusion 
thing i Not as absolute as this. If the 
oma be too intimately re- 
resist nt, the subject may strenuously 
Consec aud get nervously excited 7 
din ee even to the point 0 
idtine an hysterical attack. The ni 

Bound ideas slumber in. the back- 
the fore. A merely permit those in 
Ula Wels n to have their way un. 
Assert jon ee arises; then they 
le sul eir rights. As M. Delbœuf says, 

bject surrenders himself good 

to the performance, stabs 
the pasteboard dagger vou give 
Ares A sok he knows what it is, and 
Msn the pistol because he knows 

ie Would ball; but for a real murder 
doubted] bu be your man. It 1$ un 
Well ay. Y true that subjects are often 
They hee that they are acting a part 
Surg, Ts that what they do is ab- 
tion Shae know that the hallucine 
"bon, d they see, describe, and act 
augh at not really there. They m4? 
AL themselves; and they always 


a being 
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recognize the abnormality of their 
state when asked about it, and call it 
‘sleep. One often notices a sort of 
mocking smile upon them, as if they 
were playing a comedy, and they may 
even say on ‘coming to' that they were 
shamming all the while. These facts 
have misled ultr: skeptical people so 
far as to make them doubt the genu- 
ineness of any hypnotic phenomena 
at all. But, save the consciousness of 
they do not occur in the deeper 
and when they do occur 
itural consequence of 
the fact that the ‘mono-ideism’ is in- 
complete. The background-thoughts 
still exist, and have the power of com- 
ment on the suggestions, but no power 
to inhibit their motor and associative 
effects. A similar condition is frequent 
enough in the waking state, when an 
impulse carries us away and our ‘will’ 
looks on wonderingly like an impotent 
These ‘shammers’ continue 
in just the same way, every 
new time you hypnotize them, until 
at last they are forced to admit that 
if shamming there be, it is something 
very different from the free voluntary 
shamming of waking hours. i 
Real sensations may be abolished 
as false ones suggested. Legs 
and breasts May be amputated, chil- 
dren born, teeth extracted, in short 
the most painful experiences under- 
with no other anæsthetic than 
the hypnotizer's assurance that no 
pain shall be felt. Similarly morbid 
be annihilated, neuralgias, 
toothaches. rheumatisms cured. The 
of hunger has thus been 
so that a patient took no 
fourteen days. The 
of these suggested 
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conditions; 
they are only a nz 
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to sham 
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most interesting ese 
amesthesias are those limited to cer- 
of perception. Thus a 


tain objects 
subject may be made blind to a cer- 


tain person and to him alone, or deaf 
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to certain words but to no others.® In 
this case the anesthesia (or negative 
hallucination, as it has been called) 
is apt to become systematized. Other 
things related to the person to whom 
one has been made blind may also be 
shut out of consciousness. What he 
says is not heard, his contact is not 
felt, objects which he takes from his 
pocket are not seen, etc. Objects which 
he screens are seen as if he were trans- 
Parent. Facts about him are forgotten, 
his name is not recognized when pro- 
nounced. Of course there is great 
variety in the completeness of this 
systematic extension of the suggested 
anesthesia, but one may say that some 
tendency to it always exists. When 
one of the subjects’ own limbs is made 
anesthetic, for example, memories as 
well as sensations of its movements 
often seem to depart. An interesting 
degree of the phenomenon is found 
in the case related by M. Binet of a 
subject to whom it was suggested that 
a certain M. C. was invisible. She still 
saw M. C., but saw him as a stranger, 
having lost the memory of his name 
and his existence—Nothing is easier 
than to make subjects forget their 
own name and condition in life, It is 
one of the suggestions which most 
promptly succeed, even with quite 
fresh ones. A systematized amnesia of 
certain periods of one's life may also 
be suggested, the subject placed, for 
instance, where he was a decade ago 
with the intervening years obliterated 
from his mind. 

The mental condition which ac- 
companies these systematized amnes. 
thesias and amnesias is a very curious 


6M. Liégeois explains the common exhibi- 
tion-trick of making the subject unable to 
get his arms into his coat-sleeves again after 
he has taken his coat off, by an anethesi 


a to 
the necessary parts of the coat. 


one. The an:sthesia is not a genuine 
sensorial one, for if you make a real 
red cross (say) on a sheet of white 
paper invisible to an hypnotic subject, 
and yet cause him to look fixedly at 
à dot on the paper on or near the 
cross, he will, on transferring his eye 
to a blank sheet, see a bluish-green 
after-image of the cross. This proves 
that it has impressed his sensibility. 
He has felt it, but not perceived it. 
He had actively ignored it, refused to 
recognize it, as it were. Another ex- 
periment proves that he must distin- 
guish it first in order thus to ignore 
it. Make a stroke on paper or black- 
board, and tell the subject it is not 
there, and he will see nothing but the 
clean paper or board. Next, he not 
looking, surround the original stroke 
with other strokes exactly like it, and 
ask him what he sees. He will point 
out one by one all the new strokes 
and omit the original one every time: 
no matter how numerous the new 
strokes may be, or in what order they 
are arranged. Similarly, if the original 
single stroke to which he is blind be 
doubled by a prism of sixteen degrees 
Placed before one of his eyes (both 
being kept open), he will say that he 
now sees one stroke, and point in the 
direction in which the image seen 
through the prism lies. 

Obviously, then, he is not blind to 
the kind of stroke in the least. He is 
blind only to one individual stroke of 
that kind in a particular position on 
the board or paper,—that is, to a par- 
ticular complex object; and, paradox 
ical as it may seem to say so, he must 
distinguish it with great accuracy 
from others like it, in order to remain 
blind to it when the others are 
brought near. He ‘apperceives’ it, 45 
à Preliminary to not seeing it at all! 
How to conceive of this state of mind 


not easy. It would be much simpler 


to understand the process, if adding 
new strokes made the first one visible. 
There would then be two different 
objects apperceived as totals,—paper 
2 A stroke, paper with two 
would „ and, blind to the former, he 
16 see all that was in the latter, 
E ecause he would have apperceived it 
4$ a different total in the first in- 
stance, 
a Pit of this sort occurs some- 
Pees cr always) when the new 
tions ge anh of being mere repeti- 
which : the original one, are lines 
object combine with it into a total 
of “a d a human face. The subject 
sight of 78155 then may regain his 
oud a line to which he had pre- 
pus cr ;»een blind, by seeing 1t as 
» the face. 
W hen by a prism before one eye 
mae DM invisible line has been 
other oe to that eye, and the 
closure ve SA closed or screened, its 
Still rey Makes no difference; the line 
Prism mains visible. But if then the 
appear ; removed, the line will dis- 
ment E even to the eye which a mo- 
Sean: T saw it, and both eyes will 
We ^» their original blind state. 
Cases iav. then, to deal in these 
thesia pia with a sensorial anws- 
tice, ere with a mere failure to no- 
Complex: with something much more 
out and namely; an active counting 
Objects posve exclusion of certain 
acquaint tis as when one cuts an 
uses to "E ignores’ a claim, or re- 
ation of T influenced by a consider- 
aware. ome existence one remains 
Merica Pa a lover of Nature in 
look ar * himself able to over- 
and int ignore entirely the board- 
raggedne. ences and general roadside 
and ine and revel in the beauty 
ents 1 of the other ele- 
Newly-arri the landscape, whilst to a 
ived European the fences 
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are $0 aggressively present as to spoil 
enjoyment. 

Messrs. Gurney, Janet, and Binet 
have shown that the ignored elements 
are preserved in a splitoff portion of 
the subjects’ consciousness which can 
be tapped in certain ways, and made 
to give an account of itself (see Vol. 
I. p. 209). 

Hyperesthesia of the senses is as 
common a symptom as anesthesia. On 
the skin two points can be discrimi- 
nated at less than the normal dis- 
tance. The sense of touch is so deli- 
cate that (as M. Delbeeuf informs me) 
a subject after simply poising on her 
finger-tips a blank card drawn from 
a pack of similar ones can pick it out 
from the pack again by its ‘weight.’ 
We approach here the line where, to 
many persons, it seems as if something 
more than the ordinary senses, how- 
ever sharpened, were required in ex- 
planation. I have seen a coin from the 
operator's pocket repeatedly picked 
out by the subject from a heap of 
twenty others,” by its greater ‘weight’ 
the subjects language.—Auditory 


in 
hyperæsthesia may enable a subject to 
hear a watch tick, or his operator 


speak, in a distant room.—One of the 
most extraordinary examples of vis- 
ual hyperesthesia is that reported by 
Bergson, in which a subject who 
seemed to be reading through the 
back of a book held and looked at 
by the operator, was really proved to 
be reading the image of the page re- 
flected on the latter’s cornea. The 
same subject was able to discriminate 
with the naked eye details in a micro- 
scopic preparation. Such cases of ‘hy- 
peresthesia of vision’ as that reported 
by Taguet and Sauvaire, where sub- 
jects could see things mirrored by non. 
7 Precautions being taken 
ences of temperature 
suggestion. 


against differ 
er- 
and other Brounds of 
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reflecting bodies, or through opaque 
pasteboard, would seem rather to be- 
long to 'psychical research than to 
the present category—The ordinary 
test of visual hyperacuteness in hyp- 
notism is the favorite trick of giving 
a subject the hallucination of a pic- 
ture on a blank sheet of card-board, 
and then mixing the latter with a lot 
of other similar sheets. The subject 
will always find the picture on the 
original sheet again, and recognize in- 
fallibly if it has been turned Over, or 
upside down, although the bystand- 
ers have to resort to artifice to iden- 
tify it again. The subject notes pe- 
culiarities on the card, too small for 
waking observation to detect. If it 
be said that the spectators guide him 
by their manner, their breathing, etc., 
that is only another proof of his hy- 
peresthesia; for he undoubtedly is 
conscious of subtler personal indica- 
tions (of his operator's mental states 
especially than he could notice in 
his waking state. Examples of this are 
found in the so-called ‘magnetic rap- 
port.’ This is a name for the fact that 
in deep trance, or in lighter trance 
whenever the suggestion is made, the 
subject is deaf and blind to everyone 
but the operator or those spectators 
to whom the latter expressly awakens 
his senses. The most violent appeals 
from anyone else are for him as if 
non-existent, whilst he obeys the faint- 
est signals on the part of his hyp- 
notizer. If in catalepsy, his limbs will 
retain their attitude only when the 
operator moves them; when others 
move them they fall down, etc. A 
more remarkable fact still is that the 
patient will often 


answer anyone 


It should be said, however, that the by 
stander' ability to discriminate unmarked 
cards and sheets of paper from cach other is 


much greater than one would naturally sup 
pose 


whom his operator touches, or at 
whom he even points his finger, in 
however concealed a manner. All 
which is rationally explicable by ex- 
pectation and suggestion, if only it be 
farther admitted that his senses are 
acutely sharpened for all the oper- 
ators movements? He often shows 
great anxiety and restlessness if the 
latter is out of the room. A favorite 
experiment of Mr. E. Gurney's was to 
put the suhject's hands through an 
opaque screen, and cause the operator 
to point at one finger. That finger 
presently grew insensible or rigid. A 
bystander pointing simultaneously jab 
another finger, never made that in- 
sensible or rigid. Of course the elec- 
tive rapport with their operator had 
been developed in these trained sub- 


jects during the hypnotic state, but 
the 


15 in 

phenomenon then occurred au 

n T Y 

some of them during the waking 
^ -iousness 

State, even when their consciousne 


was absorbed in animated CODVerse: 
tion with a fourth party.!^ I confess 
that when I saw these experiments d 
was impressed with the necessity fot 
admitting between the emanations 
from different people differences fet 
Which we have no name, and a dis 
criminative sensibility for them of the 
nature of which we can form no clear 
conception, but which seems to be de- 
veloped in certain subjects by the hyP- 
notic trance. The enigmatic reports o 

l must repeat, however, that we are Has 
on the verge of possibly unknown forces ane 
modes of communic 


distance, 
the 
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H ati 0 
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was to 
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A E sin sry 
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diee d ? b 3 77 n 
Tare cases. See in Beneral, for information € 
these matters, the Proceedings of the 50€ 
" 
for Psych. Research, passim. 
19 Here 


again 

must take place | 
nary Consciousne. 
Split-off selves or 
ence w 


the perception in question 
elow the threshold of ordi- 
SS. possibly in one of those 
‘second’ states whose exist 
€ have so often to recognize. 


uem ari cip and metals, even 
e E Ld contend, to 
Debes s ional suggestion on the op- 
55 Past, certainly involve hyper- 
the b nee „ conceal 
itonabr in nt when the magnet is 
BOOTS ji and yet the subject 
4 xav are it out that moment in 
may ENE icult to understand, but 
anie si effects which (in the first 
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titres, m hs find. Unilateral contrac- 
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other imer 5 Pass to the 
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PR we to change to the com- 
to piss i color, suggested emotions 
Italian their opposites, etc. Many 
French S servatións agree with the 
if Sis and the upshot is that 
bottom 1 8 suggestion lie at the 
show m this matter, the patients 
of divini enormously exalted power 
Pected - what it is they are ex- 
Ception is f > This hyperæsthetic per 
modus o what concerns us now.!! Its 
Rei be said to be de- 
‘iene in the nutrition of the tis- 
fiese p ae produced by suggestion. 
Ea siie ects lead into therapeutics 
treat a r which I do not propose to 
there se Ses But I may say that 
doubting n no reasonable ground for 

g that in certain chosen sub- 
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blindfolded sub- 
the first 


ts Gee verified many 
Ject on UA magnet on à 
time, and 19115 I was trying them for 
9f them ^ hom I believe to have never hear 
9paque sc before. The moment, however. an 
the ee was added to the blindfolding. 
Proximatic ceased to coincide with the ap- 
if Visual ee of the magnet, so that it look 
Producem une en had been instrumenta 
0 bservatic them. ‘The subject passed from my 
the myste n, so that I never could clear up 
No hint aoe Of course I gave him conscious 
what I was looking for. 
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5 of a congestion, a 
. r, a raised papule, or a 
bleeding from the nose or skin, may 
produce the effect. Messrs. Beaunis 
Berjon, Bernheim, Bourru, Burot, 
Charcot, Delbœuf, Dumontpallier, 
Focachon, Forel, Jendrássik, Krafft- 
Ebing, Liébault, Liégeois, Lipp, Ma- 
bille, and others have recently 
vouched for one or other of these ef- 
fects. Messrs. Delbceuf and Liégeois 
have annulled by suggestion, one the 
effects of a burn, the other of a blister. 
Delbæuf was led to his experiments 
after seeing a burn on the skin pro- 
duced by suggestion, at the Salpé- 
trière, by reasoning that if the idea 
of a pain could produce inflammation 
it must be because pain was itself an 
inflammatory irritant, and that the 
abolition of it from a real burn ought 
therefore to entail the absence of in- 
flammation. He applied the actual 
cautery (as well as vesicants) to sym- 
metrical places on the skin, affirming 
that no pain should be felt on one of 
the sides. The result was a dry scorch 
on that side, with (as he assures me) 
aftermark, but on the other side 
ar blister with suppuration and 
This explains the 
ocuity of certain assaults made on 
rance. To test simu- 
s often had to stick- 
their finger-nails or 
to inhalations 


no 
a regul 
a subsequent scar. 
inn 
subjects during t 
lation, recourse i 
ing pins under 
through their tongue, 
of strong ammonia, and the like. 


These irritations, when not felt by 
the subject, seem to leave no after- 
consequences. One is reminded of the 
reported non-inflammatory character 
of the wounds made on themselves by 
dervishes in their pious orgies. On the 
other hand, the reddenings and bleed- 
ings of the skin along certain lines, 
tracing lines or press- 
put the ac- 
to us of the 


suggested by 
ing objects thereupon, 
counts handed down 
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stigmata of the cross appearing on 
the hands, feet, sides, and forehead 
of certain Catholic mystics in a new 
light. As so often happens, a fact is 
denied until a welcome interpreta- 
tion comes with it. Then it is ad- 
mitted readily enough; and evidence 
judged quite insufficient to back a 
claim, so long as the church had an 
interest in making it, proves to be 
quite sufficient for modern scientific 
enlightenment, the moment it appears 
that a reputed saint can thereby be 
classed as ‘a case of hystero-epilepsy.' 

There remain two other topics, viz., 
post-hypnotic effects of suggestion, 
and effects of suggestion in the wak- 
ing state. 

Post-hypnotic, or deferred, sugges- 
tions are such as are given to the pa- 
tients during trance, to take effect 
after waking. They succeed with a 
certain number of patients even when 
the execution is named for a remote 
period—months or even a year, in one 
case reported by M. Liégeois. In this 
way one can make the patient feel a 
pain, or be paralyzed, or be hungry 
or thirsty, or have an hallucination, 
positive or negative, or perform some 
fantastic action after emerging from 
his trance. The effect in question 
may be ordered to take place not im- 
mediately, but after an interval of 
time has elapsed, and the interval 
may be left to the subject to measure, 
or may be marked by a certain signal. 
The moment the signal occurs, or the 
time is run out, the subject, who until 
then seems in a perfectly normal 
waking condition, will experience the 
suggested effect. In many instances, 
whilst thus obedient to the sugges- 
tion, he seems to fall into the hypnotic 
condition again. This is proved by the 
fact that the moment the hallucina- 
tion or suggested performance is over 


he forgets it, denies all knowledge of 
it, and so forth; and by the further 
fact that he is ‘suggestible’ during its 
performance, that is, will receive new 
hallucinations, etc., at command. A 
moment later and this suggestibility 
has disappeared. It cannot be said, 
however, that relapse into the trance 
is an absolutely necessary condition 
for the post-hypnotic carrying out of 
commands, for the subject may be 
neither suggestible nor amnesic, and 
may struggle with all the strength of 
his will against the absurdity of this 
impulse which he feels rising in him, 
he knows not why. In these cases, as 
in most cases, he forgets the circum- 
stance of the impulse having been sug 
gested to him in a previous trance; 
regards it as arising within himself; 
and often improvises, as he yields to 
it, some more or less plausible or in- 
genious motive by which to justify it 
to the lookers-on. He acts, in short 
with his usual sense of personal spo! 
taneity and freedom; and the disbe- 
lievers in the freedom of the will have 
naturally made much of these cases m 
their attempts to show it to be an il- 
lusion. 

The only really mysterious feature 
of these deferred suggestions is the 
patient's. absolute ignorance during 
the interval preceding their execution 
that they have been deposited in his 
mind. They will often surge up at the 
preappointed time, even though you 
have vainly tried a while before to 
make him recall the circumstances of 
their production. The most impor- 
tant class of post-hypnotic suggestions 
are, of course, those relative to the 
patient’s health—bowels, sleep, and 
other bodily functions. Among the 
most interesting (apart from the hal- 
lucinations) are those relative to fu- 
ture trances. One can determine the 


hour : 
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cord lapse patent will of his own ac- 
Niske me ino trance again. One can 
other ope — in future to an- 
— a ipe Du have been 
more 119 : with him in the past. Or 
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to put res never be able hereafter 
all future i9 sleep, remove him for 
uences N from hypnotic in- 
his, rg E might be dangerous. 
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Lypnotism’ $ eh those dangers of 
Sons talk ia gue uninstructed per- 
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Self d. ori to protect him- 
Nowing egeo -is which. others, 
tempted Nase weakness, might be 
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mand is idu sas by which the com- 
s retained until the moment for 


its 

5 executi : : 

Which dy arrives is a mystery 

i has given rise to much discus- 
ad 


sion. 
the 6-2. experiments of Gurney ar 
and hee ne of M. Pierre Janet 
Nabulists s on certain hysterical som- 
Stored up seem to prove that it is 
Organically Conserousniesst not simply 
Conscious, registered, but that the 
Split off, ress which thus retains tt is 
he e on from the rest of 
Short, ici mind. We have here, in 
one of Pi apes production of 
Personality of second’ states of the 
o often ae which we have spoken 
COexists ae nly here the second state 
st. Gurr m as alternates with the 
‘abping med had the brilliant idea o 
Means xt di second consciousness by 
Aat 8 ge planchette. He found 
persons, who were both 
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I subjects and automatic 
writers, would if their hands were 
placed on a planchette (after being 
wakened from a trance in which they 
had received the suggestion of some- 
thing to be done at a later time) write 
out unconsciously the order, or some- 
thing connected with it. This shows 
that something inside of them, which 
could express itself through the hand 
alone, was continuing to think of the 
order, and possibly of it alone. These 
researches have opened a new vista of 
possible experimental investigations 
into the so-called ‘second’ states of 
the personality. 

Some subjects seem almost as obe- 
dient to suggestion in the waking 
state as in sleep, OT even more so, ac 
cording to certain observers. Not only 
muscular phenomena, but changes of 
personality and hallucinations are 
recorded as the result of simple affir- 
mation on the operator’s part, with- 
out the previous ceremony of ‘mag- 
netizing' or putting into the mesmeric 
sleep. These are all trained subjects, 
however, 80 far as I know, and the 
affirmation must apparently be ac- 
companied by the patient concentrat- 
ing his attention and gazing, however 
briefly, into the eyes of the operator. 
It is probable therefore that an ex. 
tremely rapidly induced condition of 
trance is à prerequisite for success in 


these experiments. 
J have now made mention of all 


more important phenomena of 
ance. Of their thera- 
peutic or forensic bearings this it not 
the proper place to speak. The recent 
literature of the subject is quite vo- 
]uminous, but much of it consists in 
repetition. The best compendious 
work on the subject is ‘Der Hypnotis- 
Dr. A. Moll (Berlin, 1889; 
into English, 


hypnotic 


the 
the hypnotic tr 


translated 
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N. Y., 1890), which is extraordinarily 
complete and judicious. The other 
writings most recommendable are sub- 
joined in the note.’ Most of them 


12 Binet and Féré, ‘Animal Magnetism,’ in 
the International Scientific Series; A. Bern- 
heim, ‘Suggestive Therapeutics’ (? , 1889); 
J. Liégeois, ‘De la Suggestion’ (1889); E. Gur- 
ney, two articles in Mind, vol. ix.-In the 
recent revival of interest in the history of 
this subject, it seems a pity that the admi- 
rably critical and scientific work of Dr. John 


contain a historical sketch and much 
bibliography. A complete bibliogra- 
phy has been published by M. Dessoir 
(Berlin, 1888). 


Kearsley Mitchell of Philadelphia should re- 
main relatively so unknown. It is quite 
worthy to rank with Braid's investigations. 
Sec "Five Essays" by the above author, edited 
by S. Weir Mitchell, Philadelphia, 1859, PP- 
141-274. 


Postscript to the chapter by James: This chapter is just as relevant 
today as it was in 1890, when it was first published. If you enjoy James's 
polished prose you should look in greater detail at the entire 1400-page 


work. 
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D. F: Hake 


e monkeys to move about 
without contacting each other. The 
floor of the chamber was constructed 
of parallel grids through which shocks 
could be delivered. A large one-way 
window allowed unrestricted observa- 
tion. One pair of monkeys was placed 
in the chamber and observed for ap- 
5 min. In the absence 
of shock, the two monkeys explored 
the cage, briefly sat in the corner and 
past each other showing no 
g. Brief (.15 sec) shocks 
3 ma intensity were then delivered 
30 sec. Upon the first. shock 
the monkeys jumped and 
t made no movements at 
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mouth, thereby providing an objective 
record of the attack. The critical 
feature of this method was that an 
additional response required: 
the ball had to be pulled as a pre- 
requisite for attack to occur. A still 
better method would be to utilize a 
response requirement that was not a 
component part of the attack re- 
sponse, the nature of the response 
being dictated by methodological 
considerations rather than by the na- 
ture of the attack behavior. This ob- 
jective of utilizing an arbitrary re- 
sponse to measure a motivational 
state is, of course, the same objective 
that has led to the use of bar-presses, 
chain-pulls, and panel-presses to meas- 
ure the strength of motivational states 
as diverse as hunger and thirst (Skin- 
ner, 1938), imprinting (Peterson, 
1960), escape (Dinsmoor and Hughes, 
1956), avoidance (Sidman, 1953), and 
intracranial reinforcement (Olds and 
Milner, 1954). Among other 
tages, the use of an arbitrary response 
also makes it possible to apply a com- 
mon measure to various motivational 
States that otherwise are manifested 
by quite dissimilar behavior patterns. 
The present experiment attempts to 
ascertain whether an arbitrary re- 
sponse can be acquired by means of 
operant reinforcement when the op- 
portunity to attack is utilized as the 
reinforcing event for that response. 


was 


advan- 


Method 


The general procedure in the pres- 
ent study was to use tail-shock to in- 
duce aggression in monkeys. An 
inanimate object was used as the ob- 
ject-of-attack. 


SUBJECTS 


Five experimentally naive male 
squirrel monkeys served. Three other 


monkeys were discontinued: one be- 
cause of an unusual adaptation to the 
shock which resulted in large intrases- 
sion changes in the probability of at- 
tack, and two because of the low 
probability of attack (<.10) against 
the inanimate object. This failure to 
elicit attack consistently from an oc- 
casional monkey has been noted pre- 
viously (Azrin, Hutchinson, and 
Hake, 1963). Since the monkeys were 
not raised in captivity, many of their 
characteristics that are not completely 
known may have been contributing 
factors. For example, Hutchinson, 
Azrin, and Ulrich (in press) found 
that with rats, age, social isolation, 
and hormonal development were con- 
tributing factors for the existence of 
shock-elicited attack. The weights of 
the five subjects in the present study 
ranged from 570 to 870 g, with an 
average weight of 740 g. During the 
experiments, subjects were individu- 
ally housed in cages in which food 
and water were continuously avail- 
able. 


APPARATUS 


The experimental chamber (sec Fig. 
1) measured 10 by 6 by 23 in. high 
and included a special chair (Hake 
and Azrin, 1963) which held the mon- 
key in a loosely restrained position 
while allowing the delivery of pain- 
shock through taiLelectrodes. The 
chamber was enclosed in a sound-at- 
tenuating enclosure that contained 4 
one-way mirror. The tail-shock was 
delivered at an intensity of 400 v ac 
from the secondary of a transformer 
and through a 10 K ohm series resistor 
that. stabilized the current flow. Each 
shock was 100 msec in duration. 

The top of the inner chamber had 
an opening through which a canvas 
covered ball, 2 in. in diameter, couk 
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manipulandum. Right 
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en lowered a 


aanipulandum on the 
nkey is designated as 
Ru and that on the left as Rr. Both 
chains extended a distance of 4 in. 
from the ceiling, sufficient to enable 
the monkey to grasp the chain easily, 
yet not long enough to be disturbed 
by the subjects’ casual movements. 
The two chains were 4.5 in. apart and 
were deliberately made physically dif- 
ferent to increase the likelihood that 
subjects would discriminate between 
them. One of the manipulanda con- 
sisted of à simple bead chain: the 
other consisted of a bead chain en- 

0.25-in. diameter 


closed in a narrow 
metal tube. Bead chain was used 


rather than the usual projecting bar 
or lever to reduce the subject's tend- 
ency to attack the manipulandum 
upon the delivery of the pain-shock. 
A pull exceeding 20 g was necessary 
ither switch; a response 
was defined as closure of the switch 
for a duration of about 0.5 sec. Main- 
tained closure of this switch in excess 
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of 0.5 sec counted as only one re- 
sponse. To be counted as a second 
response, the chain had to be released 
and pulled a second time. The 0.5-sec 
requirement was imposed to elimi- 
nate the possibility of counting as re- 
sponses any momentary closures of the 
switch that resulted from random 
movements of the monkey. An impor- 
tant aspect of the apparatus, as men- 
tioned earlier in Azrin et al. (1964), 
is that there be no projecting objects 
in the chamber that could be attacked 
easily other than the intended object- 
of-attack, which was the ball. All of 
the walls, as well as the waistlock 
which restrained the monkey, were 
constructed of micarta, the hard 
smooth surface of which effectively 
discouraged any biting attacks. The 
left section of Fig. 1 is a photograph of 
a monkey responding to Ry. The 
right section of Fig. 1 is a photograph 
of the subject attacking the lowered 
ball after having just produced the 
ball by pulling the chain. 


PROCEDURE 


Table 1 outlines the experimental 
procedure. In Phase I, subjects were 
seated in the experimental chamber 
for 30 min. The tail was restrained 
in the electrode assembly, but no 


shock was delivered. The ball was in 
a lowered position for the entire 30- 
min session. The purpose of this 
phase was to ascertain the frequency 
of attack against the ball when no 
shock was delivered. Biting and grab- 
bing of the ball by the monkey was 
recorded (1) automatically by means 
of the microswitch that was connected 
to the ball and (2) manually by an 
observer through direct observation. 

Phase II was identical to Phase I 
except that the brief tail-shocks were 
delivered every 15 sec for a total of 
25 shocks. The purpose of Phase II 
was to ascertain whether attack would 
result against the ball upon the de- 
livery of tail-shock when the ball was 
continuously present. This procedure 
was identical to that of a previous 
study (Azrin et al., 1964). 

During Phase III, only Ry was 
available. The brief shocks were de— 
livered at regular intervals of 15 sec 
for a total of 120 shocks during the 
30-min session. The ball could be 
lowered only by pulling the chain. 
Phase III attempted to ascertain 
whether the response of pulling Rr 
would be learned if that response were 
followed by the reinforcement of hav- 
ing the ball lowered for 2 sec. 

In Phase Iv, manipulandum Ri 


TABLE I 
REINFORCEMENT SCH 
E , iD " l SCHEDULE MANIPULANDUM 
PHASE SHOCK CONDITION (AVAILABILITY oF BALL) AVAILABILITY 
I no shock Conti 
‘ntinuously present 
dhok Every 15 secs E None 
1 3 every 15 secs Continuously present None 
II ee EVERY R g> reinforcem 
IV shock every R ; ent R 
3 R, > reinforcem, E 
v shock every Te i ou R 
i à RI reinforcement R E 
VI shock every R i w R 
n> reinforcement R 
VII shock every s R, reinforcen RI, RR 
VIIIa shock every 15 secs R (> reinfor 1255 RI, Rn 
IX no shock B inf cement RI. RR 
gp? reinforcement RI, RR 
1. 


a This Phase omitted for one subject. 
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ee Rr was absent. A 
resulted in iie Xs switch for 0.5 sec 
the ball f mae immediate lowering of 
Klug oe 2 sec similar to the proce- 
IV was 3 reinforcing Rae Phase 
che 5 to determine whether 
to R P. Lug also be conditioned 
reinforce ues JIT act TS provided 
landum ins when only one manipu- 
Phas was present. 
for x án provided reinforcement 
rable to f S procedure is compa- 
ment pro "- common food reinforce- 
ulanda sei 9585 in which two manip- 
only 2: e Present, but responses on 
food ek ee result in the 
on R 50 orcement. Reinforcement 
sive VE ee ee during succes- 
Sponses, cm until the reinforced re- 
of the 1 i, constituted 800, or more 
vt R — number of responses, 
ment fes n I hase VI, the reinforce- 
d ee eon: ico for Rr and 
the reing MON Ru. thereby reversing 
Number igre a contingencies. The 
I was Me sessions provided on Phase 
rion bes CIEN by the same crite- 
this been Phase V. Upon reaching 
tingency Won; the reinforcement CON- 
I, ede d then reversed in Phase 
Orced and R, was being reir 
again non Ü 1e responses on Ru were 
Mage 1 just as they were 
Teinforceme, During Phase VIII the 
again rey nent contingencies were 
h versed. 
hee co Phase of the experiment, 
except thy was identical to Phase VIII 
lie vi no shock was delivered. 
Same tin ees scheduled at the 
ne daily, Sundays excluded. 


Results 


Lit 

Littl l 

? co € or no attack occurred toward 

Whee oe present ball in Phase 
n no shocks were delivered. 


bep pete F or manipulate 
of the 30-min ed 5 „ 
of 5 min, visual 1 a eas a 

, a ations revealed 
no further contact. 

When the shocks were delivered to 
the monkeys in Phase II while the 
ball was in the lowered position, at- 
tack occurred consistently and im- 
mediately after each delivery of the 
pain-shock. Only the first few shocks 
failed to elicit attack against the ball 
since the initial reaction of the mon- 
key to the shock was typically a 
scrambling escape-like behavior fre- 
quently accompanied by unsuccessful 
attempts to bite or attack the walls of 
the chamber. By the 10th shock, how- 
each subject vigorously bit the 
ball immediately upon the 
ain-shock. This con- 
attack against an 
ate object by pain-shock is in 
ith previous results utiliz- 
rocedure (Azrin et al., 


ever, 
lowered 
delivery of every P 
sistent elicitation of 
inanim 
agreement W 
ing the same p 
1964). 

When the availability of the ball 
made contingent on the chain- 


was 
pull (Phases III and IV), the chain- 
pulling responses occurred consist- 

r each shock. Figure 2 shows 


ently afte 
the tempor 
responses durin, 


al distribution of the Ry 
g Phase IV when an 
Rl, response resulted in the delivery 
of the reinforcement (ball lowered). 
It can be seen that the Ry, responses 
were emitted primarily within the 
first 3.0 sec after the shock delivery. 
All subjects averaged at least one 
ain-pulling response for each of the 
120 shocks. The results (not shown) 
for Phase III showed a similar tem- 
oral distribution of the Rp responses. 

When both manipulanda were 
present (Phases V-.VIII) the monkey 
responded to that chain which pro- 
duced the ball. Figure 3 shows 
the typical day-by-day results when 


ch 
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140: 


RESPONSES (CHAIN PULLS) 


6.0 


TIME SINCE SHOCK (SECONDS) 


The number of chain-pulling 


during each 1.5-sec class intery 


the reinforcement was successively 
changed from R. to Ru back to RI. 
then back to Ru. The frequency of 
each response increased when rein- 
forcement was provided for that re- 
sponse and decreased when reinforce- 
ment was provided for the other 
response. The acquisition of the rein- 
forced response and extinction of the 
nonreinforced response shes g 
curred within two or three sessions 


7.5 


responses as 
of shock. The 15-sec period between shock c 


of 1.5 sec. Each data point is the number o 


al during one session, 
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SUBJECT 


90 U 


Figure 2 
a function of time since the delivery 
leliveries was divided into 10 intervals 
f chain-pulling responses that occurred 


for the other four subjects as well as 
for the subject depicted in Fig. 3. 
All subjects showed this increase in 
frequency of the p 
that resulted in the availability of the 
object-of-attack, and a decrease in the 
frequency of the response that did not 
result in the availability of the object- 
ofattack. This is shown in Fig. J. 
which compares the nonreinforced 
with the reinforced chain-pulling re 


articular response 
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Rg eSr 


> 
R 
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D 


Rever 

„ the reinforcement contin 

the right T on the left chain (R 

day, 1 enam (Rn). Each data E 
c reinforcement contingency 


narrow 5 
TOW vertical lines. 


5ponses 

SPonses for each of the five subjects. 
in terms of the 
onses 
rein- 


lie dep s 
S dic ES presented 
and is eh of chain-pulling resP 
forcemen on the final day of 

WY poses Phases V, VI, VII. and 
C Wa cue eded the reversal of the 
the Gee contingencies. Each of 
(three e 18 based on four sessions 
de Seen 8 for one subject). It can 

at for all subjects, over 8590 


gency for one 


point represent 
was reversed 
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Y FOR AGGRESSION 


is 


AYS 

Figure 3 
dotted line des- 
sponses on 


subject. The 
ine designates Te 
ber of responses per 
designated by the 


the solid 1 
s the num 
at the point 


| 


chain-pulling responses were 
n the chain that resulted in 
of the object-of-attack. 

number of responses 
ated for each of the 


of the 
emitted o 
the delivery 
The absolute 
emitted is indic 
subjects. 

Figure 5 compares the number of 
R,, responses emitted in the presence 
of shock with the number emitted in 


the absence of shock. The white bar 
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for each subject designates the num- 
ber of Ry responses during the last 
session of Phase VIII, when the shocks 
were being presented every 15 sec. 
The solid bar designates the number 
of R, responses during the single 
session of Phase IX when shock was 
not delivered. The R. responses pro- 
duced the ball under both conditions. 
It can be seen that the number of re- 
sponses in the absence of shock was 
zero for subjects S98 and S105, and 
nearzero for the other three. Of the 
Ry, responses that did occur in the 
absence of shock, all were emitted 
during the first 5 min of the 30-min 
session. 

In the present procedure, reinforce- 
ment for a chain-pulling response was 
arranged by making an object-of-at- 


tus) 


* OF RESPONSES (CHAIN PU 


- REINFORCEMENT = OPPORTUNITY FOR AGGRESSION 
REINFORCED 
Y = [os] 
5s hM ha 
50: 
NON 
IEINFORCEO 
2 
| f H RI [ 
0 3 120 98 "ne 105 
12 SUBJECT 
Figure 4 


The average number and percentage of 
reinforced and nonreinforced chain-pull- 


ing responses for each subject. The Ry, 


5 ses were combined. The 
and Rp respons 


absolute number of reinforced responses 


i ed a ortion of the 
is presented at the top p 


white bar. 
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RESPONSES (CHAIN PULLS) 


2 98 Dm 105 
SUBJECT 


u Figure 5 
Chain-pulling responses for cach subject 
in the presence and absence of shock. 
Each bar designates the 


responses for one 
day. 


tack available for 2 sec. The question 
may’ be asked as to whether attack 
did indeed occur upon each presenta- 
tion of the object-of-attack. An answer 
was attempted by taking two different 
measures of attack behavior. The first 
of these measures has already been 
described: a Microswitch was attached 
to the cord by which the ball was sus- 
pended, so that the switch closure 
automatically registered on the record- 
ing equipment whenever the monkey 
pulled the object-of-attack toward its 
mouth, A second measure was ob- 
tained by visually observing each of 
the monkeys for 300 presentations of 
the object-of-attack during the course 
of the experiment. Each of these pres 
entations resulted from a chain-pull. 
Figure 6 presents for each of the sub- 
jects the number of attacks as meas- 


ATTACKS 


p 


THE OPPORTUNITY 


|æ- avromaricatiy secozoro 


-osstevee ztcospto 


121 
120 98 1e 
SUBJECT 


" Figure 6 
On ATIS 
b iparison of two measures of attack 
ase 9 8 

ed on 300 opportunities for attack. 


methods 


ure 
ed by these two different 
al dotted 


Drm The horizont 
Pun eios total number of pres- 
1 ations (300) of the object-of-attack. 
of oe bar shows the number 
of th sip as measured by the closure 
Se to which the ob- 
than -attack was attached. No more 
have one attack was considered to 
wae aR during a given pres 
though of the object-of-attack even 
edly cl the switch may have repeat- 
Pres osed and opened during that 

entation. Thus, the number of 


the closure of 


attacks + 
cks as measured by 
n- 


t : 
55 pes could not exceed the nur 
attack georg of the object-of- 
ber of t can be seen that the num 
Sure cu as measured by the clo- 
Close] the switch corresponds very 
of q yw the number of presentations 

1e object-of-attack. For three of 


the 

Si i . 

€ subjects, the correspondence 
f the 
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attack. The correspondence for the 
other two was fairly close: 85% and 
91%. The correspondence bet we 

etween 
the observer-noted attack (solid bar) 
and the automatic switch-recorded at- 
tack (stippled bar) is again very close 
differing by no more than 5% for an 
subject. The observer-recorded attacks 
also correspond closely with the num- 
ber of opportunities for attack: the 
greatest discrepancy is for S120, about 
15%, but less than 10% for the other 
four subjects. 


Discussion 


The present findings confirmed the 


results of previous studies (Azrin ct 


al., 1964) in demonstrating the exist- 


ence of attack against inanimate ob- 


jects as à result of aversive stimula- 
tion. Little or no attack was seen in 
the present study when the object-of- 
attack was continuously available 
but no shock was presented. On the 
other hand, attack was consistently 
elicited toward the continuously avail- 
able object-of-attack when shocks 
were presented. Similarly, the chain- 
pulling responses dropped to zero 
level in the absence of shock, but in- 
creased to à high level when the 
shocks were being delivered. Thus, it 
appears that the delivery of shock was 
necessary to produce aggression as 
measured either by the actual biting 
of the object of attack or by the fre- 
quency of the chain-pulling responses 
that produced the object-of-attack. 
The successful conditioning of the 
chain-pulling response offers a way 
to quantify the strength of aggression- 
motivation without the need to adapt 
the recording apparatus to the per- 
haps unique mode of attack (biting, 
grabbing, slapping, "threatening") 
that happens to be utilized by a par- 
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ticular animal or a particular species 
at a given moment. 

Stimulus change appeared to con- 
tribute little to the occurrence of the 
chain-pulling response: a near zero 
level of chain-pulling was obtained in 
Phase IX when the response produced 
the ball but no shocks were delivered. 

The chain-pulling response did not 
appear to be the result of a blind at- 
tack by the monkey upon the chain 
following the delivery of a shock since 
responses occurred almost exclusively 
only on that chain, which was fol- 
lowed by an operant consequence. It 
seems, therefore, that the principal 
source of strength of the chain-pull- 
ing response was the operant conse- 
quence of allowing an opportunity to 
attack the inanimate object. 

It seems useful to consider aggres— 
sion as a distinctive motivational 
state in the same loose sense in which 
it is useful to consider hunger or 
food deprivation as a distinctive mo- 
tivational state. The opportunity to 
attack appears to be a reinforcement 
for a subject exposed to aversive stim- 
ulation in the same general sense that 
the opportunity to eat is a reinforce- 
ment for a subject that has been de- 
prived of food. A new response was 
acquired and extinguished by arrang- 
ing the opportunity to attack as a 
consequence for that response; simi- 
larly, new responses have been ac- 
quired and eliminated or extin- 
guished by arranging the opportunity 
for eating. An obvious difference be- 
tween aggression motivation and 
hunger motivation appears to be the 
relative brevity of the aggressive mo- 
tivation. The aggressive tendencies 
reached a high level during the period 
immediately after the shock, falling 
off rapidly thereafter in contrast with 
hunger motivation, which persists for 
long periods of time. However, this 


difference between aggression and 
hunger motivation may be only ap- 
parent and may derive primarily from 
the technical difficulty of maintaining 
a continuing state of aversive stimu- 
lation in a manner fairly comparable 
to the maintenance of a continuing 
state of food deprivation. Some sup- 
port for this suggestion was obtained 
in previous studies. When continuous 
footshock was provided for short 
durations (Azrin, Ulrich, Hutchinson, 
and Norman, 1964) attack was ob- 
served for a major part of the dura- 
tion of the shock delivery, being in- 
terrupted primarily by the competing 
motor reactions elicited by the shock. 
It appears that shock creates a moti- 
vational state in which the opportu- 
nity to attack is a reinforcing event 
for the duration of stimulation and 


for a brief period after the cessation 
of stimulation. 
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psychosomatic symptoms that are 
mediated by the autonomic nervous 
system. Whereas the former are sup- 
posed to be subject to a higher type 
of control that is symbolic, the latter 
are presumed to be only the direct 
physiological consequences of the type 
and intensity of the patient's emo- 
tions (see, for example, 4). 

Similarly, students of learning have 
made a distinction between a lower 
form, called classical conditioning 
and thought to be involuntary, and a 
superior form variously called trial- 
and-error learning, operant condition- 
ing, type II conditioning, or instru- 
mental learning and believed to be 
responsible for voluntary 
In classical conditioning, the rein- 
forcement must be by an uncondi- 
tioned stimulus that already elicits the 
specific response to be learned; there- 
fore, the possibilities are quite lim- 
ited. In instrumental learning, 
reinforcement, called a reward, 
the property of strengthening any 
immediately preceding response. 
Therefore, the possibilities for rein- 
forcement are much greater; a given 
reward may reinforce any one of a 
number of different responses, and a 
given response may be reinforced by 


behavior. 


the 
has 


any one of a number of different 
rewards. 

Finally, the foregoing invidious 
distinctions have coalesced into the 


strong traditional belief that the su- 
perior type of instrumental] learning 
involved in the superior voluntary be- 
havior is possible only for skeletal re- 
sponses mediated by the superior 
cerebrospinal nervous system, while, 
conversely, the inferior classical con 
ditioning is the only kind possible for 
the inferior, presumably involuntary, 
visceral and emotional 
mediated by the inferior 
system. 


responses 
autonomic 


nervous Thus, in a 


recent 


summary generally considered au- 
thoritative, Kimble (5) states the al- 
most universal belief that "for auto- 
nomicall mediated behavior, the 
evidence points unequivocally to the 
conclusion that such responses can be 
modified by classical, but not instru- 
mental, training methods." Upon ex- 
amining the evidence, however, one 
finds that it consists only of failure to 
secure instrumental learning in two 
incompletely reported exploratory 
experiments and a vague allusion to 
the Russian literature (6). It is only 
against a cultural background of 
great prejudice that such weak evi- 
dence could lead to such a strong con- 
viction. 

The belief that instrumental learn- 
ing is possible only for the cerebro- 
spinal system and, conversely, that 
the autonomic nervous system can be 
modified only by classical condition 
ing has been used as one of the 
strongest arguments for the notion 
that instrumental learning and clas 
sical conditioning are two basically 
different phenomena rather than. dif- 
ferent manifestations of the same 
phenomenon under different. condi- 
tions. But for many years I have been 
Impressed with the similarity between 
the laws of class 5 


‘al conditioning and 
those of Instrumental learning, and 


with the fact that, in each of these 
two situations, some of the specific 
details of learning vary with the spe 
cific conditions of learning. Failing t° 
see any clear-cut dichotomy, I have 
assumed that there is only one kind ol 
learning (7). This assumption has 
logically demanded that instrumenta 
training procedures be able to Pro 
duce the learning of any visceral T€ 
sponses that could be acquires 
through classical conditioning proc€ 
dures. Yet it was only a little over ? 


dozen years ago that I began some €% 


LEARNING OF 


T work on this problem and 
105 T. = shorter time ago that I 
tinere h articles (8), made 
an m challenges to the tradi- 
9 iew uat the instrumental 

mng of visceral responses is IM- 
possible. 


Some Difficulties 


e s the difficulties of investigat- 
881 5 learning of vis- 
thar Pratica stems from the fact 
to meas FESPA USES that are the easiest 
„ heart rate, vaso- 
skin „ and the galvanic 
fected May itr known to be af- 
aati rag A skeletal responses, such as 
of oma breathing, and even tensins 
vilius muscles, such as those 1n the 
out d» Thus, it is hard to rule 
liel sca ara that, instead o 
the subj learning a visceral response, 
e has learned a skeletal ye 
cau int the performance of which 
0 is the visceral change being Te- 
orded. 
"bes öl the controls I 
een the paralysis of 
Oren through admit 
blocks d a drug which 
tal mu e motor end plates 0 
Sciousn En PS without eliminating 
heur ess in human subjects Or UT 
Such e of visceral responsi 
muse E the beating of the heart. "We 
Paral = involved in breathing ie 
8 ip, so the subjects breathing 
reheat! maintained through DE 
that aton. Since it seemed unlikely 
une Getta and other rigorous 
use wi techniques would be ca 
to 5 human subjects, I decides 
With Incentrate first on experiments 
D alae 
Gout one I thought 
ma] 5 more difficult whe 
as paralyzed, under 


planned to 
all skeletal 
jistration of 

selectively 
f skel- 
con- 
the 


that Jearning 
n the ant 
the influ- 
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ence of curare, and therefore I de- 
cided to postpone such experiments 
until ones on nonparalyzed animals 
had yielded some definitely promising 
results. This turned out to be a mie 
take because, as I found out much 
later, paralyzing the animal with 
greatly simplifies the 
visceral re- 
introduced 
apparently 
animal to 


curare not only 
problem of recording 

sponses without artifacts 
movement but also 
it easier for the 
perhaps because paralysis of 
muscles removes sources 
and distraction. Also, in 
I made the mis- 
induced 


by 
makes 
learn, 
the skeletal 
of variability 
certain experiments 
take of using rewards that 
strong unconditioned responses that 
interfered with instrumental learning. 

One of the greatest difficulties, 
however, was the strength of the belief 
that instrumental learning of glan- 
dular and visceral responses is impos- 
sible. It was extremely difficult to get 
students to work on this problem, 
and when paid assistants were as- 
signed to it, their attempts were so 
half-hearted that it soon became more 
economical to let them work on some 
hich they could at- 


other problem W 

tack with greater faith and enthusi- 

asm. These difficulties and a few 
encouraging but incon- 


preli minary 
clusive early 
ibed elsewhere 


results have been de- 


9» 


scr 


Success with Salivation 
The first clear-cut results were se- 
Alfredo Carmona and me 


cured. by 1 1 
he salivation 


in an experiment on t 
of dogs. Initial attempts to use food 
4858 reward for hungry dogs were un- 
partly because of strong 
unconditioned saliva- 
the food. Therefore, 
e water as a reward 


Preliminary observa- 


successful, 
and persistent 
tion elicited by 
we decided to Us 
for thirsty dogs. 
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tions showed that the water had bs 
appreciable effects one way or a 
other on the bursts of spontaneo 
salivation. As an additional precau- 
tion, however, we used the experimen- 
tal design of rewarding — n nie 
group whenever they showec = 
of spontaneous salivation, so that 15 Y 
would be trained to increase sa de 
tion, and rewarding dogs in another 
group whenever there ame long ifi 
terval between spontaneous bursts, so 
that they would be trained to decrease 
salivation. If the reward had any un- 
conditioned effect, this effect might 
be classically conditioned to the ex- 
perimental situation and therefore 
produce a change in salivation that 
was not a true instance of instrumen- 
tal learning. But in classical condi- 
tioning the reinforcement must elicit 
the response that is to be acquired. 
Therefore, conditioning of a response 
elicited by the reward could produce 
either an increase or a decrease in 
salivation, depending upon the direc- 
tion of the unconditioned response 
elicited by the reward, but it could 
not produce a change in one direction 
for one group and in the opposite 
direction for the other group. The 
same type of logic applies for any un- 
learned cumulative aftereffects of the 
reward; they could not be in opposite 
directions for the two groups. With 
instrumental learning, however, the 
reward can reinforce any response that 
immediately precedes it; therefore, 
the same reward can be used to pro- 
duce either increases or decreases, 
The results are presented in Fig, 1, 
which summarizes the effects of 40 
days of training with one 45-minute 
training session per day. It may be 
seen that in this experiment the learn- 
ing proceeded slowly. However, sta- 


tistical analysis showed that each of 


eok 


MEAN DROPS PER M 


DAYS OF qram, 


Figure 1 
groups of thirsty dogs 
ater for either increases 
Or decreases in spontaneous 
[From Miller and C 


Learning curves for 
rewarded with w 


salivation. 
zarmona (10)] 


the trends in the predicted. rewarded 
direction was highly reliable (10). 
Since the changes in salivation for 
the two Broups were in opposite di- 
rections, they cannot be attributed to 
classical conditioning. It was noted, 
however, that the Broup rewarded for 
increases seemed to be more aroused 
and active than the one rewarded for 
decreases, Conceivably, all we were 
doing was to change the level of acti- 
vation of the dogs, and this change 
was, in turn, affecting the salivation. 
Although we did not observe any spe- 
cific skeletal responses, such as chew- 
ing movements or panting, which 
might be expected to elicit salivation, 
it was difficult to be absolutely certain 
that. such movements did not occur. 
Therefore, we decided to rule out 
such movements by paralyzing the 
dogs with curare, but we immediately 
found that Curare had two effects 
which were disastrous for this experi- 
ment: it elicited such copious and 
continuous Salivation that there were 
no changes in Salivation to reward, 
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= —.— of temperature, peripheral 
vasomotor responses, 2 
the blood POE n. 

Since there are not very many ways 
epp eee ge 

y , and I de- 
cided to use direct electrical stimu- 
lation of rewarding areas of the brain. 
There were other technical difficulties 
to overcome, such as devising the 
c system for rewarding small 
changes in heart rate as recorded by 
the electrocardiogram. Nevertheless, 
Trowill at last succeeded in training 
his rats (JJ). Those rewarded for an 
increase in heart rate showed a statis- 
tically reliable increase, and those re- 
warded for a decrease in heart rate 
showed a statistically reliable de- 
crease. The changes, however, were 
disappointingly small, averaging only 
5 percent in each direction. 

The next question was whether 
larger changes could be achieved by 
improving the technique of training. 
DiCara and ] used the technique of 


shaping—in other words, of immedi- 
first very small, and 
ing, changes 


automati 


ately rewarding 
hence frequently occur 
in the correct direction and, as soon 
as these had been learned, requiring 
progressively larger changes as the cri- 
terion for reward. In this way, we 
were able to produce in 90 minutes 
of training changes averaging 20 per- 
cent in either direction (/2). 


Key Properties of Learning: 
Discrimination and Retention 


Does the learning of visceral re- 
sponses have the same properties as 
the learning of skeletal responses? 
One of the important characteristics 
of the instrumental learning of skele- 
tal responses is that a discrimination 
can be learned, so that the responses 
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are more likely to be made in the 
stimulus situations in which they are 
rewarded than in those in which they 
are not. After the training of the first 
few rats had convinced us that we 
could produce large changes in heart 
rate, DiCara and I gave all the rest of 
the rats in the experiment described 
above 45 minutes of additional train- 
ing with the most difficult criterion. 
We did this in order to see whether 
they could learn to give a greater re- 
sponse during a “time-in” stimulus 
(the presence of a flashing light and a 
tone) which indicated that a response 
in the proper direction would be re- 
warded than during a 
stimulus (absence of light and tone) 
which indicated that a correct re- 
sponse would not be rewarded. 
Figure 2 shows the record of one of 
the rats given such training. Before 
the beginning of the special discrimi- 
nation training it had slowed its heart 


“time-out” 


ee 


TIME Lc 9 


from an initial rate of 350 beats per 
minute to a rate of 230 beats per 
minute. From the top record of Fig. 2 
one can see that, at the beginning 
of the special discrimination training, 
there was no appreciable reduction in 
heart rate that was specifically associ- 
ated with the time-in stimulus. Thus 
it took the rat considerable time after 
the onset of this stimulus to meet the 
criterion and get the reward. At the 
end of the discrimination training the 
heart rate during time-out remained 
approximately the same, but when the 
time-in light and tone came on, the 
heart slowed down and the criterion 
was promptly met, Although the other 
rats showed less change than this, by 
the end of the relatively short. period 
of discrimination training their heart 
rate did change reliably (P < .001) in 
the predicted direction when the 
time-in stimulus came on. Thus, it is 
clear that instrumental visceral learn- 
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amount. If it did not make the cor- 
rect response in time, the shocks con- 
tinued to be delivered until the rat 
escaped them by making the correct 
response, which immediately turned 
off the shock and the shock 
signal. 

l'or one group of curarized rats, the 
correct response was an increase in 
heart rate; for the other group it was 
a decrease. After the rats had learned 
to make small responses in the proper 
they were required to make 
s. During this training the 
were randomly inter- 
spersed with an equal number of 
“safe” signals that were not followed 
by shock: the heart rate. was also re- 
corded during so-called blank trials— 
trials without amy signals or shocks. 
For half of the rats the shock signal 
was a tone and the "safe" signal was 
a flashing light; for the other half 
the roles of these cues were reversed. 

The results are shown in Fig. 3. 
Each of the 12 rats in this experiment 
changed its heart rate in the rewarded 
direction. As training progressed, the 
shock signal began to elicit a progres- 
sively greater change in the rewarded 
direction than the change recorded 
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Changes in heart rate during avoidance 
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during the blank trials; this was a 
statistically reliable trend. Conversely, 
as training progressed, the "safe" sig- 
nal came to elicit a statistically re- 
liable change in the opposite direc- 
tion, toward the initial base line. 
'These results show learning when es- 
cape and avoidance are the rewards; 
this means that visceral responses in 
curarized rats can be reinforced by re- 
wards other than direct electrical stim- 
ulation of the brain. These rats also 
discriminate between the shock and 
the "safe" signals. You will remember 
that, with noncurarized thirsty dogs, 
we were able to use yet another kind 
of reward, water, to produce learned 
changes in salivation. 


Transfer to Noncurarized State: 
More Evidence Against Mediation 


In the experiments discussed above, 
paralysis of the skeletal muscles by 
curare ruled out the possibility that 
the subjects were learning the overt 
performance of skeletal responses 
which were indirectly eliciting the 
changes in the heart rate. It is barely 
conceivable, however, that the rats 
were learning to send out from the 
motor cortex central impulses which 
would have activated the muscles had 
they not been paralyzed. And it is 
barely conceivable that these central 
impulses affected heart rate by means 
either of inborn connections or of 
classically conditioned ones that had 
been acquired when previous exercise 
had been accompanied by an increase 
in heart rate and relaxation had been 
accompanied by a decrease. But, if the 
changes in heart rate were produced 
in this indirect way, we would expect 
that, during a subsequent test without 
curare, any rat that showed learned 
changes in heart rate would show the 
movements in the muscles that were 


no longer paralyzed. Furthermore, the 
problem of whether or not visceral 
responses learned under curarization 
carry over to the noncurarized state is 
of interest in its own right. 

In order to answer this question, 
DiCara and I (15) trained two groups 
of curarized rats to increase or de- 
crease, respectively, their heart rate in 
order to avoid, or escape from, brief 
pulses of mild electric shock. When 
these rats were tested 9 weeks later in 
the noncurarized state, the habit was 
remembered. Statistically reliable in- 
creases in heart rate averaging 5 
percent and decreases averaging 16 
percent occurred. Immediately subse- 
quent retraining without curare pro- 
duced additional significant. changes 
of heart rate in the rewarded direc- 
tion, bringing the total overall in- 
crease to 11 percent and the decrease 
to 22 percent. While at the beginning 
of the test in the noncurarized state, 
the two groups showed some differ- 
ences in respiration and activity, these 
differences decreased until, by the end 
of the retraining, they were small and 
far from statistically reliable (t = 0.9 
and 1.3, respectively). At the same 
time, the difference between the two 
Broups with respect to heart rate was 
increasing, until it became large and 
thus extremely reliable (t = 8.6, d.f. = 
12, P < 00). 

i s short, while greater changes in 
e * were being learned, the re 
one was becoming more specific 
involving smaller changes in respira 
tion and muscular activity. This in- 
crease in specificity with additional 
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traneous movements are not rewarded, 
they tend to drop out. 

It is difficult to reconcile the fore- 
going results with the hypothesis that 
the differences in heart rate were 
mediated primarily by a difference in 
ende respiration or amount of gen- 
eral activity. "This is especially true in 
1 of the research, summarized. by 
HD and Malmo (76), which shows 
MM Sasain activity, to affect heart 
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learning. Banuazizi and I worked on 
this problem (/8). First we had to dis- 
cover another visceral response that 
could be conveniently recorded and 
rewarded. We decided on intestinal 
contractions, and recorded them in 
the curarized rat with a little balloon 
filled with water thrust approximately 
4 centimeters beyond the anal sphinc- 
ter. Changes of pressure in the balloon 
were transduced into electric voltages 
which produced a record on a poly- 
and also activated an automatic 


m for delivering the reward, 
] stimulation of 


graph 
mechanis 
which was electrica 
the brain. 
The results for the first rat trained, 
which was a typical one, are shown in 
Fig. 4. From the top record it may be 
seen that, during habituation, there 
were some spontaneous contractions. 
When the rat was rewarded by brain 
stimulation for keeping contractions 
below a certain amplitude for a cer- 
tain time, the number of contractions 
was reduced and the base line was 
record showed a 


lowered. After the 

highly reliable change indicating that 

relaxation had been learned (Fig. 4, 
the top) the 


from 
aining were reversed 
as delivered when- 
the amplitude of contractions 
rose above à certain level. From 
the next record. (Fig. 4, middle) it 
may be seen that this type of training 
increased the number of contractions 
and raised the base line. Finally (Fig. 
4, two bottom records) the reward was 
discontinued and, as would be ex- 
pected, the response continued for a 
while but gradually became extin- 
guished, so that the activity eventu- 
ally returned to approximately its 
original base-line level. 
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of intestinal responses was a possi- 
bility, we designed an experiment to 
test specificity. For all the rats of the 
experiment, both intestinal contrac- 
tions and heart rate were re 


the group rewarded for increases in 
intestinal contractions learned an in- 
crease, the group rewarded for de- 
creases learned a dec rease, but neither 


of these groups showed an appreciable 
but half the rats were rewarded. for change in heart rate. Conversely (Fig. 


one of these responses and half were 6), the group rewarded for increases 
rewarded for the other response. Each in heart rate showed an increase, the 
of these two groups of rats was di- Stroup rewarded for 
vided into two subgroups, rewarded, a dec rease, 
respectively, for increased and de. showed 
creased response. The rats were com- 
pletely paralyzed by curare, main- 
tained on artificial respiration, and 
rewarded by electrical stimulation of 
the brain. 


corded, 


decreases showed 
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static regulation of that response or 
an inability of our techniques to 
measure changes reliably under the 
particular conditions of our experi- 
ment. 

Each of the 12 rats in the experi- 
ment showed statistically reliable 
changes in the rewarded direction; 
for II the changes were reliable be- 
yond the P « .001 level, while for the 
12th the changes were reliable only 
beyond the .05 level. A statistically 
reliable negative correlation showed 
that the better the rewarded visceral 
response was learned, the less change 
occurred in the other, nonrewarded 
response. This greater specificity with 
better learning is what we had ex- 
pected. The results showed that vis- 
ceral learning can be specific to an 
organ system, and they clearly ruled 
out the possibility of mediation by 
any single general factor, such as level 
of activation or central commands for 
either general activity or relaxation. 

In an additional experiment, Banu- 
azizi (19) showed that either increases 
or decreases in intestinal contractions 
can be rewarded by avoidance of, or 
escape from, mild electric shocks, and 
that the intestinal responses can be 
discriminatively elicited by a specific 
stimulus associated with reinforce- 
ment. 


Kidney Function 


Encouraged by these successes, Di- 
Cara and I decided to see whether or 
not the rate of urine formation by 
the kidney could be changed in the 
curarized rat rewarded by electrical 
stimulation of the brain (20). A cath- 
eter, permanently inserted, was used 
to prevent accumulation of urine by 
the bladder, and the rate of urine for- 
mation was measured by an clectronic 


device for counting minute drops. In 
order to secure a rate of urine forma- 
tion fast enough so that small changes 
could be promptly detected and re- 
warded, the rats were kept constantly 
loaded with water through infusion 
by way of a catheter permanently in- 
serted in the jugular vein. 

All of the seven rats rewarded when 
the. intervals between times of urine- 
drop formation lengthened showed de- 
creases in the rate of urine formation, 
and all of the seven rats rewarded 
when these intervals shortened showed 
increases in the rate of urine forma- 
tion. For both groups the changes 
were highly reliable (P « .001). 

In order to determine how the 
change in rate of urine formation was 
achieved, certain additional measures 
were taken. As the set of bars at left 
in Fig. 7 shows, the rate of filtration, 
measured by means of "C-labeled in- 
ulin, increased when increases in the 
rate of urine formation were rewarded 
and decreased when decreases in the 
rate were rewarded. Plots of the cor- 
relations showed that the changes in 
the rates of filtration and urine for- 
mation were not related to changes in 
either blood pressure or heart rate. 

The middle set of bars in Fig. 7 
shows that the rats rewarded for in- 
creases in the rate of urine formation 
had an increased rate of renal blood 
flow, as measured by ?H-p-aminohip- 
Puric acid, and that those rewarded 
for decreases had a decreased rate of 
renal blood flow. Since these changes 
in blood flow were not accompanied 
by changes in general blood pressure 
or in heart rate, they must have been 
achieved by vasomotor changes of the 
renal arteries. That these vasomotor 
changes were at least somewhat specific 
is shown by the fact that vasomotor 
responses of the tail, as measured DY 
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a photoelectric plethysmograph, did 
not differ for the two groups of rats. 
The set of bars at right in Fig. 7 
shows that when decreases in rate of 
urine formation were rewarded, a 
more concentrated urine, having 
11 osmolarity, was formed. Since 
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Gastric Changes 


In the next experiment, Carmona, 
Demierre, and I used a photoelectric 
plethysmograph to measure changes, 
presumably in the amount of blood, 
in the stomach wall (27). In an opera- 
tion performed under anesthesia, a 
small glass tube, painted black except 
for a small spot, was inserted into the 
rat's stomach. The same tube was 
used to hold the stomach wall against 
a small glass window inserted through 
the body wall. The tube was left in 
that position. After the animal had 
recovered, a bundle of optical fibers 
could be slipped snugly into the glass 
tube so that the light beamed through 
it would shine out through the un- 
ot in the tube inside the 


painted sp 
ass through the stomach 


stomach, p 
wall, and be recorded by a photocell 


on the other side of the glass window. 
Preliminary tests indicated that, as 
would be expected, when the amount 
of blood in the stomach wall in- 
ased, less light would pass through. 
ed that stomach con- 
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sulin did not affect the amount of 
light transmitted. 

In the main experiment we re- 
warded curarized rats by enabling 
them to avoid or escape from mild 
electric shocks. Some were rewarded 
when the amount of light that passed 
through the stomach wall increased, 
while others were rewarded when the 
amount decreased. Fourteen of the 15 
rats showed changes in the rewarded 
direction. Thus, we demonstrated that 
the stomach wall, under the control 
of the autonomic nervous system, can 
be modified by instrumental learning. 
There is strong reason to believe that 
the learned changes were achieved by 
vasomotor responses affecting the 
amount of blood in the stomach wall 
or mucosa, or in both. 

In another experiment, Carmona 
(22) showed that stomach contractions 
can be either increased or decreased 
by instrumental learning. 

It is obvious that learned changes 
in the blood supply of internal organs 
can affect their functioning—as, for 
example, the rate at which urine was 
formed by the kidneys was affected by 
changes in the amount of blood that 
flowed through them. Thus, such 
changes can produce psychosomatic 
symptoms. And if the learned changes 
in blood supply can be specific to a 
given organ, the symptom will occur 
in that organ rather than in another 
one. 


Peripheral Vasomotor Responses 


Having investigated the instrumen- 
tal learning of internal vasomotor re- 
sponses, we next studied the learning 
of peripheral ones. In the first experi- 
ment, the amount of blood in the tail 
of a curarized rat was measured by 
a photoelectric plethysmograph, and 
changes were rewarded by electrical 


stimulation of the brain (23). All of 
the four rats rewarded for vasocon- 
striction showed that response, and, 
at the same time, their average core 
temperature, measured rectally, de- 
creased from 98.9? to 97.9°F, All of the 
four rats rewarded for vasodilitation 
showed that response and, at the same 
time, their average core temperature 
increased from 99.9° to 101°F. The 
vasomotor change for each individual 
rat was reliable beyond the P < .01 
level, and the difference in change in 
temperature between the groups was 
reliable beyond the .01 level. The di- 
rection of the change in temperature 
was opposite to that which would be 
expected from the heat conservation 
caused by peripheral vasoconstriction 
or the heat loss caused by peripheral 
vasodilatation, The changes are in the 
direction which would be expected if 
the training had altered the rate of 
heat production, causing a change in 
temperature which, in turn, elicited 
the vasomotor response. 

The next experiment was designed 
to try to determine the limits of the 
specificity of vasomotor learning. The 
pinnae of the rat's ears were chosen 
because the blood vessels in them are 
believed to be innervated primarily, 
and perhaps exclusively, by the sympa- 
thetic branch of the autonomic nerv: 
ous system, the branch that Cannon 
believed always fired nonspecifically 
as a unit (2). But Cannon's experi- 
ments involved exposing cats to ex- 
tremely strong emotion-evoking stim- 
uli, such as barking dogs, and such 
stimuli will also evoke generalized 
“city throughout the skeletal mus- 
culature, Perhaps his results reflected 
the Way in which sympathetic ac 
UNILY was elicited, rather than demon- 


strating any inherent inferiority of the 
sympathetic 


nervous system. 
In order 


to test this interpretation, 
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Se wre ar I (24) put photocells on 
oth ears of the curarized rat and con- 
nected them to a bridge circuit so that 
anly differences in the vasomotor re- 
“i 5 of the two ears were rewarded 
) ain stimulation. We were some- 
what surprised and greatly delighted 
leue c this experiment actually 
in Fi = r * results are summarized 
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Aitor y regle if any change in vaso- 
: response. 

bie 5 clear that these results cannot 
han ee of changes in either 
would — or blood pressure, as these 
equally E expected to affect both ears 
Motor re They show either that vaso- 
ie eee mediated by the sym- 
ic nervous system are capable 
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of much greater specificity than has 
previously been believed, or that the 
innervation of the blood vessels in the 
pinnae of the ears is not restricted 
almost exclusively to sympathetic- 
nervous-system components, as has 
been believed, and involves function- 
ally significant parasympathetic com- 
ponents. In any event, the changes in 
the blood flow certainly were sur- 
prisingly specific. Such changes in 
blood flow could account for specific 
psychosomatic symptoms. 


Blood Pressure Independent 
of Heart Rate 


Although changes in blood pressure 
were not induced as by-products of 
rewarded changes in the rate of urine 
formation, another experiment on 
curarized rats showed that, when 
changes in systolic blood pressure are 
specifically reinforced, they can be 


learned. (25). Blood pressure was re- 


Eor with relotive dilatotion 
rewarded 


“SS im 
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corded by means of a catheter perma- 
nently inserted into the aorta, and the 
reward was avoidance of, or escape 
from, mild electric shock. All seven 
rats rewarded for increases in blood 
pressure showed further increases, 
while all seven rewarded for decreases 
showed decreases, each of the changes, 
which were in opposite directions, be- 
ing reliable beyond the P < .01 level. 
The increase was from 139 mm-Hg, 
which happens to be roughly com- 
parable to the normal systolic blood 
pressure of an adult man, to 170 mm- 
Hg, which is on the borderline of 
abnormally high blood pressure in 
man. 

Each experimental animal 
“yoked” with a curarized partner. 
maintained on artificial respiration 
and having shock electrodes on its 
tail wired in series with electrodes on 
the tail of the experimental animal, 
so that it received exactly the same 
electric shocks and could do nothing 
to escape or avoid them. The yoked 


was 


controls for both the increase-re- 
warded and the decrease-rewarded 
groups showed some elevation in 


blood pressure as an unconditioned 
effect of the shocks. By the end of 
training, in contrast to the large dif- 
ference in the blood pressures of the 
two groups specifically rewarded for 
changes in opposite directions, there 
was no difference in blood pressure 
between the yoked control partners 
for these two groups. Furthermore, 
the increase in blood pressure in these 
control groups was reliably less (P< 
01) than that in the group specifi- 
cally rewarded for increases. Thus, it 
is clear that the reward for an increase 
in blood pressure produced an addi- 
tional increase over and above the 
effects of the shocks per se, while the 
reward for a decrease was able to 
overcome the unconditioned increase 
elicited by the shocks. 


For none of the four groups was 
there a significant change in heart rate 
or in temperature during training; 
there were no significant differences 
in these measures among the groups. 
Thus, the learned change was rela- 
tively specific to blood pressure. 


Transfer from Heart Rate 
to Skeletal Avoidance 


Although visceral learning can be 
quite specific, especially if only a spe- 
cific response is rewarded, as was the 
case in the experiment on the two 
ears, under some circumstances it can 
involve a more generalized effect. 

In handling the rats that had just 
recovered from curarization, DiCara 
noticed that those that had been 
trained, through the avoidance or es- 
cape reward, to increase their heart 
rate were more likely to squirm, 
squeal, defecate, and show other re- 
sponses indicating emotionality than 
were those that had been trained to 
reduce their heart rate. Could instru- 
mental learning of heart-rate changes 
have some generalized effects, perhaps 
on the level of emotionality, which 
might affect the behavior in a differ- 
ent avoidance-learning situation? In 
order to look for such an effect, Di- 
Cara and Weiss (26) used a modified 
shuttle avoidance apparatus. In this 
apparatus, when a danger signal 1s 
siven, the rat must run from compart 
ment A to compartment B. If he runs 
fast enough, he avoids the shock; i 
not, he must run to escape it. The 
next time the danger signal is given, 
the rat must run in the opposite di- 
rection, from B to A. 

_ Other work had shown that learn 
ing in this apparatus is an inverted U- 
shaped function of the strength of the 
shocks, with shocks that are too strong 
eliciting emotional behavior instead 
of running. DiCara and Weiss trained 
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their rats in this apparatus with a 
level of shock that is approximately 
optimum for naive rats of this strain. 
They found that the rats that had 
been rewarded for decreasing their 
heart rate learned well, but that those 
that had been rewarded for increasing 
their heart rate learned less well, as if 
5 emotionality had been increased. 
a n was statistically re- 
EE < .001) This experiment 
r that training a 
al response can affect che subse- 
SE learning of a skeletal one, but 
itional work will be required to 
eed ihe hypothesis that training to 
crease heart rate increases emotion- 
ality, 
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e indie: difference was not due to 
Banane effects of the overt per 
shown E of skeletal responses is 
Subsequ y the fact that it persisted in 
Tats w ent tests during which the 
ere paralyzed by curare. And, 
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on subsequent retraining without cu- 
rare, such differences in activity and 
respiration as were present earlier in 
training continued to decrease, while 
the differences in heart rate continued 
to increase. It seems extremely un- 
likely that, at the end of training, the 
highly reliable differences in heart 
rate (t = 7.2; P < .0001) can be ex- 
plained by the highly unreliable dif- 
ferences in activity and respiration (t 
— 07 and 0.2, respectively). 
Although the rats in this experi- 
ment showed some learning when 
they were trained initially in the non- 
curarized state, this learning was 
much poorer than that which we have 
seen in our other experiments on cu- 
his is exactly the op- 


rarized rats. T. 
iginal expectation, but 


posite of my ori 
seems plausible in the light of hind- 
sight. My hunch is that paralysis by 
earning by elimi- 
nating sources of distraction and vari- 
ability. The stimulus situation was 
kept more constant, and confusing 
visceral fluctuations induced indirectly 
by skeletal movements were elimi- 


nated. 


curare improved | 


Learned Changes in Brain Waves 


Encouraged by success in the ex- 


periments on the instrumental learn- 


ing of visceral responses, my col- 
leagues and I have attempted to 
produce other unconventional types 


g. Electrodes placed on the 
skull or, better yet, touching the sur- 
face of the brain record summative 
effects of electrical activity over a con- 
siderable area of the brain. Such elec- 
trical effects are called brain waves, 
and the record of them is called an 
electroencephalogram. When the ani- 
mal is aroused, the electroencephalo- 
gram consists of fast, low-voltage ac- 
tivity; when the animal is drowsy or 
sleeping normally, the electroencepha- 


of learnin 
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logram consists of considerably slower, 
higher-voltage activity. Carmona at- 
tempted to see whether this type of 
brain activity, and the state of arousal 
accompanying it, can be modified by 
direct reward of changes in the brain 
activity (28, 29). 

The subjects of the first experiment 
were freely moving cats. In order to 
have a reward that was under com- 
plete control and that did not require 
the cat to move, Carmona used direct 
electrical stimulation of the medial 
forebrain bundle, which is a reward- 
ing area of the brain. Such stimula- 
tion produced a slight lowering in 
the average voltage of the electro- 
encephalogram and an increase in 
behavioral arousal. In order to pro- 
vide a control for these and any other 
unlearned effects, he rewarded one 
group for changes in the direction 
of high-voltage activity and another 
group for changes in the direction of 
low-voltage activity. 

Both groups learned. The cats 
rewarded for high-voltage activity 
showed more high-voltage slow Waves 
and tended to sit like sphinxes, star- 
ing out into space. The cats rewarded 
for low-voltage activity showed much 
more low-voltage fast activity, and ap- 
peared to be aroused, pacing restlessly 
about, sniffing, and looking here and 
there. It was clear that this type of 
training had modified both the char- 
acter of the electrical brain waves and 
the general level of the behavioral 
activity. It was not clear, however, 
whether the level of arousal of the 
brain was directly modified and hence 
modified the behavior: whether the 
animals learned specific items of be- 
havior which, in turn, modified the 
arousal of the brain as reflected in 
the electroencephalogram; or whether 
both types of learning were occurring 
simultaneously. 


In order to rule out the direct sen- 
sory consequences of changes in mus- 
cular tension, movement, and posture, 
Carmona performed the next experi- 
ment on rats that had been paralyzed 
by means of curare. The results, given 
in Fig. 9, show that both rewarded 
groups showed changes in the re- 
warded direction; that a subsequent 
nonrewarded rest increased the num- 
ber of high-voltage responses in both 
groups; and that, when the conditions 
of reward were reversed, the direction 
of change in voltage was reversed. 

At present we are trying to use 
similar techniques to modify the func 
tions of a specific part of the vagal 
nucleus, by recording and specifically 
rewarding changes in the electrical ac 
tivity there. Preliminary results sug 
gest that this is possible. The next 
step is to investigate the visceral con- 
Sequences of such modification. This 
kind of work may open up possibili- 
ties for modifying the activity of spe 
cific Parts of the brain and the func 
tions that they control, In some cases 
directly rewarding brain activity may 
be a more convenient or more power 
ful technique than rewarding skeletal 
or visceral behavior. It also may be a 
new way to throw light on the func 
tions of specific parts of the brain (30). 


Human Visceral Learning 


Another question is that of whether 
people are capable of instrument? 
learning of visceral responses. I b€ 
lieve that in this respect they are a 
Smart as rats. But, as a recent critic? 
review by Katkin and Murray C 
points out, this has not yet been aed 
pletely Proved. These authors have 
comprehensively 
cent studies rey 
of instrument 
man he 
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have such direct action on the ex- 
ternal environment was one of the 
reasons for believing that they are not 
subject to instrumental learning. Is 
the learning ability of the autonomic 
nervous system something that has no 
normal function other than that of 
providing my students with subject 
matter for publications? Is it a mere 
accidental by-product of the survival 
value of cerebrospinal learning, or 
does the instrumental learning of 
autonomically mediated responses 
have some adaptive function, such as 
helping to maintain that constancy 
of the internal environment called 
homeostasis? 

In order for instrumental learning 
to function homeostatically, a devia- 
tion away from the optimum level 
will have to function as a drive to 
motivate learning, and a change to- 
ward the optimum level will have to 
function às à reward to reinforce the 
learning of the particular visceral re- 
sponse that produced the corrective 
change. 

When a mammal has less than the 
optimum amount of water in his body, 
this deficiency serves as a drive of 
thirst to motivate learning; the overt 
consummatory response of drinking 
functions as a reward to reinforce 
the learning of the particular skeletal 
responses that were successful in se- 
curing the water that restored the 
optimum level. But is the consum- 
matory response essential? Can res- 
toration of an optimum level by a 
glandular response function as a re 
ward? 

In order to test for the possible 
rewarding effects of a glandular re- 
sponse, DiCara, Wolf, and I (32) in- 
jected albino rats with antidiuretic 
hormone (ADH) if they chose one 
arm of a T-maze and with the isotonic 
saline vehicle if they chose the other, 


distinctively different, arm. The ADH 
permitted water to be reabsorbed in 
the kidney, so that a smaller volume 
of more concentrated urine was 
formed. Thus, for normal rats loaded 
in advance with H,O, the ADH inter- 
fered with the excess-water excretion 
required for the restoration of home- 
ostasis, while the control injection of 
isotonic saline allowed the excess 
water to be excreted. And, indeed, 
such rats learned to select the side of 
the maze that assured them an injec- 
tion of saline so that their glandular 
response could restore homeostasis. 
Conversely, for rats with diabetes 
insipidus, loaded in advance with 
hypertonic NaCl, the homeostatic ef- 
fects of the same two injections were 
reversed; the ADH, causing the urine 
to be more concentrated, helped the 
rats to get rid of the excess NaCl, 
while the isotonic saline vehicle did 
not. And, indeed, a group of rats of 
this kind learned the opposite choice 
of selecting the ADH side of the maze. 
As a further control on the effects of 
the ADH per se, normal rats which 
had not been given H,O or NaCl ex 
hibited no learning. This experiment 
showed that an excess of either H2O 
or NaCl functions as a drive and that 
the return to the normal concentra 
tion produced by the appropriate Te 
sponse of a gland, the kidney, func 
tions as a reward. . 
When we consider the results of this 
experiment together with those of our 
experiments showing that glandular 
and visceral responses can be instru 
mentally learned, we will expect the 
animal to learn those glandular ane 
visceral responses mediated by the cen- 
tral nervous system that promptly Ter 
store homeostasis after any consider- 
able deviation. Whether or not this 
theoretically possible learning has anz 
Practical significance will depend on 
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whether or not the innate homeostatic 
mechanisms control the levels closely 
enough to prevent any deviations 
large enough to function as a drive 
from occurring. Even if the innate 
control should be accurate enough to 
preclude learning in most cases, there 
remains the intriguing possibility 
that, when pathology interferes with 
innate. control, visceral learning is 
available as a supplementary mech- 
anism. 


Implications and Speculations 


e have seen how the instrumental 
learning of visceral responses suggests 
a new possible homeostatic mecha- 
nism worthy of further investigation. 
Such learning also shows that the 
Se gs nervous system is not as 
N as has been so widely and 
irmly believed. It removes one of the 
Strongest arguments for the hypoth- 
an that there are two fundamentally 
different mechanisms of learning, in- 
volving different parts of the nervous 
System. 
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is completely unprepared for an im- 
portant examination. The strong fear 
elicits a variety of fluctuating auto- 
nomic symptoms, such as a queasy 
stomach at one time and pallor and 
faintness at another; at this point his 
mother, who is particularly concerned 
about cardiovascular symptoms, says, 
“You are sick and must stay home.” 
The child feels a great relief from 
fear, and this reward should reinforce 
the cardiovascular responses pro- 
ducing pallor and faintness. If such 
experiences are repeated frequently 
enough, the child, theoretically, should 
learn to respond with that kind of 
symptom. Similarly, another child 
whose mother ignored the vasomotor 
responses but was particularly con- 
cerned by signs of gastric distress 
would learn the latter type of symp- 
tom. I want to emphasize, however, 
that we need careful clinical research 
to determine how frequently, if at all, 
the social conditions sufficient for 
such theoretically possible learning 
of visceral symptoms actually occur. 
Since a given instrumental response 
can be reinforced by a considerable 
f rewards, and by one reward 
on one occasion and a different re- 
ward on another, the fact that glan- 
dular and visceral responses can be 
instrumentally learned opens up many 
new theoretical possibilities for the 
reinforcement of psychosomatic symp- 


variety o 


toms. 
Furthermore, we do not yet know 


severe a psychosomatic effect can 
earning. While none 
of the 40 rats rewarded for speeding 
up their heart rates have died in the 
course of training under curarization, 
7 of the 40 rats rewarded for slowing 
down their heart rates have died. This 
statistically reliable difference (chi 
square = 6, P < -02) is highly sug- 
gestive, but it could mean that train- 


how 
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ing to speed up the heart helped the 
rats resist the stress of curare rather 
than that the reward for slowing 
down the heart was strong enough to 
overcome innate regulatory mecha- 
nisms and induce sudden death. In 
either event the visceral learning had 
a vital effect. At present, DiCara and 
I are trying to see whether or not the 
learning of visceral responses can be 
carried far enough in the noncura- 
rized animal to produce physical dam- 
age. We are also investigating the 
possibility that there maye be a criti- 
cal period in early infancy during 
which visceral learning has particu- 
larly intense and long-lasting effects. 


INDIVIDUAL AND CULTURAL 
DIFFERENCES 


It is possible that, in addition to 
producing psychosomatic symptoms in 
extreme cases, visceral learning can 
account for certain more benign indi- 
vidual and cultural differences. Lacey 
and Lacey (34) have shown that a 
given individual may have a tendency, 
which is stable over a number of 
years, to respond to a variety of dif- 
ferent stresses with the same profile 
of autonomic responses, while other 
individuals may have statistically re. 
liable tendencies to respond with dif- 
ferent profiles. It now seems possible 
that differential conditions of learn- 
ing may account for at least some of 
these individual differences in pat- 
terns of autonomic response. 

Conversely, such learning may ac- 
count also for certain instances in 
which the same individual responds 
to the same stress in different ways. 
For example, a small boy who receives 
a severe bump in rough-and-tumble 
play may learn to inhibit the secretion 
of tears in this situation since his peer 
group will punish crying by calling it 
"sissv." But the same small boy may 


burst into tears when he gets home to 
his mother, who will not punish 
weeping and may even reward tears 
with sympathy. 

Similarly, it seems conceivable that 
different conditions of reward by a 
culture different from our own may 
be responsible for the fact that Ho- 
mer's adult heroes so often "let the 
big tears fall." Indeed, a former col- 
league of mine, Herbert Barry III, 
has analyzed cross-cultural data and 
found that the amount of crying re- 
ported for children seems to be re- 
lated to the way in which the society 
reacts to their tears (35). 

I have emphasized the possible role 
of learning in producing the observed 
individual differences in visceral re- 
Sponses to stress, which in extreme 
Cases may result in one type of psy- 
chosomatic symptom in one person 
and a different type in another. Such 
learning does not, of course, ex- 
clude innate individual differences in 
the Susceptibility of different organs. 
In fact, given social conditions under 
which any form of illness will be re- 
warded, the symptoms of the most 
Susceptible organ will be the most 
likely ones to be learned. Further- 
more, some types of stress may be so 
Strong that the innate reactions tO 
them produce damage without any 
learning, My colleagues and I are 
currently investigating the psycholog- 
ical variables involved in such types 
of stress (36). 


qT HERAPEUTIC TRAINING 


The experimental w 


ork on animals 
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: d a powerful technique 
for using instrumental learning t° 
modify glandular and visceral re- 
bones The improved training tech- 
nique consists of moment-to-moment 
recording of the visceral function and 
Immediate reward, at first, of very 
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had some success in using the method 
described above to train epileptic pa- 
tients in the laboratory to suppress, 
in one way or another, the abnormal 
paroxysmal spikes in their electro- 
encephalogram. My colleagues and I 
are hoping to try learning therapy 
for other symptoms—for example, the 
rewarding of high-voltage electroen- 
cephalograms as a treatment for in- 
somnia. While it is far too early to 
promise any cures, it certainly will be 
worth while to investigate thoroughly 
the therapeutic possibilities of im- 
proved instrumental training tech- 


niques. 
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CLEVER HANS: A CASE STUDY 


OF SCIENTIFIC METHOD 


Robert Rosenthal 


Ever since the Byzantine Empire 
was ruled by Justinian (A. p. 483-565) 
there have been reports of learned ani- 
mals. But no animal intelligence so 
captured the imagination of layman 
and scholar alike as that attributed to 
Clever Hans, the horse of Mr. von 
Osten. Hans gave every evidence of 
being able to add and subtract, mul- 
tiply and  divide—operations per- 
formed with equal accuracy upon in- 
tegers or fractions. He was also able 
to read and spell, to identify musical 
tones, and to state the relationship 
of tones to one another. His preferred 
mode of communication with his 
questioners was by means of convert- 
ing all answers into a number and 
tapping out these numbers with his 
foot. 

What Clever Hans and Mr. von 
Osten did for science (and for love), 
Clever Rosa, the mare of Berlin, and 
her owner did for entertainment 
(and for money). Any expert on ani- 
mal training could observe that Rosa's 


Reprinted with permission of the author and 
publisher from "Introduction" by Robert 
Rosenthal to Clever Hans by Oskar Pfungst, 
edited by Robert Rosenthal. Introduction 
copyright © 1965 by Holt, Rinehart & Win 
Reprinted by permission of Holt, 
Winston, Inc. 


ston, Inc 
Rinehart > 


behavior was under the strict control 
of her trainer. Rosa gave correct an- 
swers because her trainer had only to 
bend forward in order to stop her tap- 
ping at the correct point, but no such 
signals could be observed to control 
Hans's tapping responses. In fact, on 
September 12, 1904, thirteen men 
risked their professional reputations 
by certifying that Hans was receiving 
no intentional cues from his owner 
or from any other questioner, Further 
more, these men, including in their 
number a psychologist, a physiologist, 
à veterinarian, a director of the Ber 
lin Zoo, and i 


a circus manager, cert 
fied that their investigation revealed 
no presence of signs or cues of even 
an unintentional nature. This is 2 
case," the investigating committee 
wrote, “which appears in principle tO 
differ from any hitherto discovered." 
A "serious and incisive” inquiry into 
the cleverness of Hans was recon! 
mended and subsequently conducted. 
This book is the report by Oskar 
Pfungst of the procedure and the 
results of that inquiry which was UT" 
dertaken in var 


1 collaboration with € 
Stumpf, the 


eminent psychologist-! 

„ Clever Hans constitutes a famous 
Case" dn the history of psycholog* 
One wishes to know about it for its 
own sake. There is, however, another 
reason for reprinting this book, lon 
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so difficult to obtain. The investig: 
uon of Hans's abilities is also a clas 
m respect of method, for it is a first- 
rate scientific inquiry into what be- 
gan as an incomprehensible case his- 
tory. 
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questioner's head, to better see Hans's 
hoof tapping, was the signal for Hans 
to begin tapping. This forward in- 
clination of the head did not need to 
be accompanied by a question for it 
to serve as a stimulus to tapping by 
Hans. When a correct answer required 
a long series of taps Hans would tap 
at a faster rate, as though he knew 
he had a lot of work ahead of him. 
This accommodation to the task at 
hand, which greatly added to the in- 
tellectual status ascribed to Hans, also 
came to be understood by Pfungst: 
He found that the interrogator, when 
a question t@ Hans, tended 
further forward when the 
that was the answer was a 
—as though he were settling 
down for a long wait. Hans's rate of 
tapping apparently depended on the 
angle of the questioner's forward in- 
clination. Similarly, the cue for Hans 
to stop tapping also turned out to be 
derived from the questioner's ex- 
pectancy for a correct answer; for 
when Hans reached the correct num- 
ber of taps, the questioner tended to 
straighten up—and that was the cue 
Hans to stop. Hans was sensitive 
ard motions of the head, 
raising of eyebrows or the 
dilation of nostrils, any of which was 
sufficient to stop his tapping. Pfungst 
showed that anyone could start. Hans 
tapping, and that anyone else could 
then stop his tapping at any time by 
use of these cues. Most interesting 
inding that even after he had 
cueing system very well 
d Hans unintention- 
consciously trying 
the crucial visual 


putting 
to lean 
number 
large one 


for 
to tiny upw 
even to the 1 


the 
was the f 
learned the 
Pfungst still cue 
ally, though he was 


to suppress sending 


messages. 


when Pfur had learned ail this 


gst 
communic ation 


about this man-horse i 
stem. he did a very modern thing 
DE B 5 E : 

e took his discoveries to the 


indeed. H 
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laboratory for further confirmation. 
As he put it, Thus, artificial synthesis 
became the test of the correctness of 
analytical observation.” In order to 
increase the generality of his findings 
at this point he not only increased 
his sample size but sampled from a 
different species—people, instead of 
horses. Pfungst took the part of Hans, 
inviting questions to which he tapped 
out his answers. 

Of 25 subjects, 23 unintentionally 
cued Pfungst as to when he should 
stop tapping! When errors did occur, 
they tended to be errors of either one 
too many or one too few taps—the 
kind of errors Hans was most likely 
to make. The subjects, including men 
and women of assorted ages and occu- 
pations, had of course not been told 
the intent of the experiment. One of 
the subjects was a psychologist trained 
in introspection, but even he was un- 
able to discover that he was emitting 
cues to Pfungst, Hans’s surrogate. 

To record his subjects’ responses 
permanently and for leisurely study, 
as well as to amplify their very subtle 
cues, Pfungst developed an ingenious 
system of instrumentation. The ques- 
tioner-subjects were hooked into a 
series of recording devices which 
would record an amplification of their 
head movements on three planes. In 
addition he undertook to measure 
the changes in his subjects’ respira- 
tion. In interpreting the results of 
these recordings, Pfungst postulated 
a build-up of tension in his subjects 
that was released as a motor response 
to the perception of the correct an- 
swer as the experimenter tapped it 
out. 


II 


Pfungst’s findings solved not only 
the riddle of Clever Hans but in prin- 


ciple the problem of other "clever" 
animals. Now there was a reasonable 
explanation available for the ability 
of Hugo Kretschmer's dog to answer 
questions by means of pressing a bell. 
Similarly, the abilities of the English 
bulldog "Kepler" of Sir William Hug- 
gins could be better understood. 
Kepler barked the answers to prob- 
lems put to him, just as Hans had 
tapped them out. It seemed only rea- 
sonable to assume that by some tone 
or movement Sir William started 
Kepler's clever barking, and then by 
some other subtle movement stopped 
his dog's barking at the number of 
barks that were correct. Most of the 
other clever animals of that time were 
never so mysterious because their cue- 
ing was obvious, and often obviously 
intentional. That was the case with 
Hans's vaudeville rival, Rosa, the 
mare of Berlin. Similar mechanisms 
seemed to operate in the clever dog of 
Utrecht, the reading pig of London, 
and the reading pig and talking horse 
of Virginia. 5 

In his Preface to the present vol- 
ume, James R. Angell mentioned its 
relevance to the then current. wave 
of interest in animal life and behavior 
~a relevance that is, if anything, even 
greater today. Psychologists, behav 
ioral scientists, and ethologists ave 
more than ever interested in anima 
behavior as it occurs in the field as 
well as in the laboratory, and “a domi- 
nant theme in the remarkable growth 
of interest in animal behavior during 
the past decade... has been the 
study of animal communicative $Y% 
tems . .. (Alexander, 1964, p. 713). 
Not horse, dog, and pig so much now. 
perhaps, but insect and octopus, 89 
rilla and rhesus, dolphin and mynah 
bird are objects of intensive study: 
The layman, too, shares in the in- 
creased interest in animal behavior 
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through the publication of books that 
are at once scholarly and popular (for 
example, Broadhurst, 1963). Broad- 
hurst mentions the case of Clever 
Hans as illustrating. Lloyd Morgan's 
canon—the principle that we should 
infer in animals only the lowest level 
of mental ability that is consistent 
with their observed behavior. 

Angell believed that Pfungst's work 
was also relevant to the interest then 


invested in “telepathy” and “muscle 
oe Only a few years after 
fungst’s investigation of Clever 


Hans's ability, the American psychol- 
ogist Stratton (1921), who had been 
a. student of Wundt's, undertook a 
Similar investigation of a famous mus- 
cle reader of the time. Eugen de 


Rubini was able to read the 
thoughts" of others by reading their 
Patterns of muscle tension. Al the 
Mystery and excitement surrounding 
= horse of Mr. von Osten emerged 
Or de Rubini's amazing abilities. 

ake 


Pala Hans had his Pfungst to m 
>: Gase ONE of scientific importance, 
so did de Rubini have his Stratton- 
Stratton's investigation was similar in 
cheney to that of Pfungst. The Psy- 
ogist E. C. Tolman was present 
throughout all the experiments, and 
spur psychologist, Warner Brown, 
vas present during most of them.' 
E es subject, de Rubini, held one end 
the, watch chain and his guide n. 
of other end. The guide was to thin 
some object in the room that would 
then be identified by de Rubini. Suc 


Ci x 

n which occurred much more often 

nan it should by chance, was a 
tch 


m 1 + 
cl Ore remarkable because the wa 
lain’s slackness would seem to reduce 


Gye n j 
i: likelihood of muscle tension be- 
8 transmitted. Although de Rubini 
former he made 


Was ; : 
— a professional per 
1 claims of supernatural power 

as quite willing to be tested under 


and 
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controlled conditions after the man- 
ner of Mr. von Osten. And, as in the 
case of Clever Hans, no observer was 
able to detect a gross sensory cue to 
de Rubini. As a matter of fact, de 
Rubini's performance tended to 
worsen if a guide intentionally tried 
to help him by giving him gross cues. 
When the muscle reader held the end 
of the slack watch chain his success 
as high as would be 
predicted on the basis of chance 
alone. When he did not hold the 
watch chain his success rate dropped 
to about one and one-half times as 
compared with what might occur by 
chance. When auditory cues to the 
ere reduced his performance 


subject w 
actually increased, a fact suggesting 
1 sounds inter- 


that some background 

fered with his performance. To 
achieve maximal accuracy, de Rubini 
required only peripheral visual con- 
tact with his questioner-guide. Total 
elimination of visual cues reduced his 
successes to about the level of chance, 
but the nature of his errors was not 
random. He was closer to naming the 
right object more often than could be 
expected if he were obtaining no in- 
formation at all from his guide. Clear 
failure of de Rubini's abilities oc- 
curred only when both visual and 
auditory cues were drastically reduced. 
Thus we can see that Pfungst's strat- 
egy for investigating the case of Clever 
Hans was largely taken over by Strat- 


rate was twice 


ton and his colleagues, Tolman and 
Brown, in their investigation. of de 
Rubini. Unlike Pfungst however, 


ators never did identify 


these investig 
employed by their 


the precise cues 
subject. 

Two years after Stratton’s study of 
the muscle reader, W. S. Foster (1923) 
undertook a strategically similar series 
experiments to investigate the role 


of 
unintentional communication in 


of 
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the ability to divine the presence of 
water and metals. Just as Stratton had 
been assisted by Tolman and Brown, 
$0 was Foster assisted by two eminent 
psychologists, R. M. Elliott and D. G. 
Paterson. 

The subject of their study was a 70- 
yearold pastor of a church located 
in a small town near the University 
of Minnesota. He had a 45-year his- 
tory of successfully locating not only 
water, gold, and silver but oil, natural 
gas, and iron as well. His feats had 
been observed by respectable and 
tough-minded critics, including pro- 
fessional engineers. That there was 
nothing fraudulent about his per- 
formance had been inferred from his 
vocation and from the fact that. he 
requested the Psychological Labora- 
tories at the University of Minnesota 
to study his rod-divining powers sci- 
entifically. He shared with von Osten 
and de Rubini a willingness to be 


“exposed” if that were to be the 
verdict of the scientists. 
One of the experiments undertaken 


in order to stimulate field conditions 
required the subject to locate the 
course of water mains leading to two 
buildings on the campus. 
diviner was accompanied by an ex. 
perimenter who knew the location of 
the water mains in question. The re. 
sults of this study suggested that the 
subject was not only able to locate 
the path of the water mains more 
curately than could reason 
tributed to chance but th 
also gauge the depth of 
Foster's interpretation of 
was that quite without 
old man was able to read subtle cues 
unintentionally emitted by the ac. 
companving experimenter. 

For another experiment à small 
cardboard box was filled with silver 
coins and silver and gold 


The rod 


ac 
ably be at- 
at he could 
the pipes. 
this result 
intention the 


watches. 


The task in this experiment was for 
the subject to divine the depth of 
these materials. The pastor stood in 
a second floor hallway holding a 20- 
inch wire divining rod. In the first- 
floor hallway, immediately beneath 


the pastor, a l3rung ladder was 
placed. By varying the rungs on which 
the materials to be located were 


placed, the depth of the metals rel- 
ative to the subject could be 
at random. On a landing between the 
first and second floors a group of ob- 
Servers was placed in such a way that 
they could see both the ladder on the 
first floor and the 


rod diviner on the 
second floor, In spite of the fact that 


the spectators had been cautioned to 
avoid emitting cues to the subject, 
and in spite of the subject's sincere 
mattention to the Spectators, he was 
able to gauge the depth of the metals 
far better than chance would allow. 
In fact, the Correlation between. the 
actual and the divined depth was 
found to be CUT for a series of 26 
trials. It seemed likely that the unin- 
tended and involuntary 
by the Spectators serye 
cueing function in this 


varied 


movements 
d the necessary 


Fw d, u ö series of trials. 

ther possible Source of cues to the 
subject in this Study was a faintly 
audible sound from the first-floor 
hallway 


Associated with 
menter's placing and 
rials on the Various ry 


der. sounds 


the experi- 
replacing mate- 


pie gs of the lad- 
Fhese 


were, however, 
rohs jo 
m 1000 even less audible when 
asked by the slight noise 


i associated 
With the oy issociate 


Spectators 

J D Nu 

in 7 the sanie: ask was set. for 
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Present who knew 


the correct er 

the subject ect answ 
Sede e performance fell off dra- 

eee Alion li í 1 
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somewhat better-than-chance accuracy 
seemed best interpreted as due to the 
subject's hearing the faint noise of 
the experimenter below climbing up 
and down the ladder. 

M a more definitive test of the rod 
diviner's accuracy. the following ex- 
periment was carried out. On a large 


and sturdy table l4 squares were 
marked off in alignment. with 14 
squares on the floor below. Card- 
board screens shielded the squares 


under the table from observation. An 
experimenter placed the box of coins 
and watches in one of the randomly 
selected squares beneath the table 
and then left the room. Each square 
Was selected twice for a total of 28 
trials. Ihe experimenter who re- 
corded the subject's divinations did 
not know the location of the hidden 
materials, Under these conditions the 
Pastor, standing on the table, was 
totally unable to locate the coins and 
Watches. As in the case of Clever 


H: 
lans, when no one was about who 
and could 


per- 


5 the correct answer 
nly clue the subject. 
ormance fell to a chance level. 
y When Foster instituted another 
. experiment in which — 
in wel of material was varied, and 
the on. 1116 experimenter who knew 
"hellen. amount was present, bel. 
a seni “an began to improve to 
chance 5 significantly beuer-than- 
the ey evel. In this series of trials 
"€ experimenter said only the word 
bes i to the subject, after having 
be ll amount of material in hs 
tone ana Big. Foster felt that fe 
Hime which this single word was 
commu puit have unintentionally 
about ane some information 
Tivol 1e ight answer to the subject. 
experimente d cueing of subjects 1N 
tion (ESP) f in extrasensory percep 
SP) has long been discussed. In 
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1898, Moll repeated Alexander Wer- 
nicke's still earlier warning that mus- 
cle tremors on the part of the sender 
might influence the response of the 
receiver. Some 40 years after this and 
similar warnings had been sounded 
Kennedy (1938, 1939), in an improved 
replication of a much earlier experi- 
ment (Hansen and Lehmann, 1895), 
was able to show by the use of para- 
bolic sound reflectors that senders in 
experiments on telepathy could un- 
consciously whisper or otherwise sig- 
nal by auditory cues the right answers 
to the All this occurs, of 
course, not only in complete inno- 
cence after the manner of Mr. von 
Osten but also of Pfungst, Stumpf, 
Stratton, Holman, Brown, Foster, El- 
liott, and Paterson. The subtlety of 
cues sufficient to inform subjects of 
the correct response was amply dem- 
onstrated by J. G. Miller (1942), who 
showed that subjects could perceive 
subtle cues at levels of illumination 
ordinarily found to be subthreshold. 

Angell's comment in his Preface to 
volume that Pfungsts findings 
have relevance to an under- 
ESP and muscle reading 
accurate but also, as it 


receivers. 


this 
would 
standing of 

was not only 


proved, prophetic. 
„Talking“ and “reading” horses, 
pigs; clairvoyants, muscle 


dogs, and 
readers. and diviners—the very 


mention of these oddities is enough 
ike the blood boil in the veins 
ough-minded psychol- 
The phenomena are 


rod 


to mi 
of some of the t 


ogists of today. 
still too imperfectly analyzed to re- 


ceive important consideration in the 
modern course in introductory psy- 
chology. Nevertheless, these topics 
have engaged some of the best minds 
of the day, and sophisticated research 
techniques were employed by these 
men to study their phenomena. The 
classical conditioning of Pavlov seems 
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a more solid field; it was Pavlov who 
noted the unintentional communica- 
tion process between laboratory ex- 
perimenter and laboratory animal 
(Razran, 1959; Zirkle, 1958). Pavlov 
had been interested in the Lamarck- 
ian problem of the inheritance of ac- 
quired characteristics and had con- 
ducted some research in this area. It 
seemed that successive generations of 
trained mice were better able to learn, 
but at the Thirteenth International 
Physiological Congress held in Boston 
in August, 1929, Pavlov offered a 
fascinating postscript to his puzzling 
data. He reported that a closer check 
of his data suggested that there was 
no such increased learning ability on 
the part of the mice; instead there 
was an increased teaching ability on 


the part of his research assistant 
(Gruenberg, 1929). Unfortunately, 
from this interesting information 


alone we are in no position to state 
just how the experimenter uninten- 
tionally instructed his mouse subjects. 
There was also the important work 
of H. M. Johnson (1913) on auditory 
discrimination and learning in dogs.8 
He presented an extended critique of 
Kalischer's earlier work, which indi- 
cated that his dogs could correctly 
anticipate the experimenter's next 
response from his posture, respiration, 
and the pattern of strain and relaxa- 
tion of the muscles of the head and 
body. These cues too were obviously 
of an unintended and involuntary 
nature, as had been the case with 
Hans's questioners, And, as in their 
case, the experimenter's expectations 
were likely to be the antecedent con- 
ditions of an unintended communica- 
tion process. Johnson also cited the 
work of Max Rothmann, 
early as 1908, only one year ; 
appearance of Pfungst's 
Clever Hans, believed K 


who, as 
alter the 
work with 
alischer's dogs 


to have reacted in the same manner 
as Hans. As a control for the Clever 
Hans phenomenon, Rothmann em- 
ployed as an experimenter a servant 
who was unaware of the purpose of 
the investigation. That even under 
these conditions dogs could profit 
from the experimenter's unintended 
cues did not surprise Johnson. Dogs 
could, after all, learn a servants sig- 
naling system as easily as a. psycholo- 
gis''s. Johnson himself introduced the 
necessary controls into this situation 
by using a series of experiments in 
which the dogs could not see him 
at all, presumably eliminating visual 
cues effectively. To partially control 
auditory cues Johnson suggested that 
the experimenter not watch the dog's 
responses. Thus the behavior of the 
dogs could not clicit a change in the 
vocal behavior of the investigator, 
whose expectations might have led to 
changes in his respiration as a result 
of his observation of the dogs' re- 
sponses. When 


all the proper controls 
had been 


instituted, Johnson found 
that no discrimination abilities at all 
could be demonstrated for the dogs. 


That minimal cues, unintention- 
ally emitted by the experimenter, 
might influence the subject's response 
has also been suggested for psycho- 
physical experiments, In an experi- 
ment on the judgment of weights, 
Warner and Raible (1937) removed 
the experimenter from the visual field 


of the subject. In half the trials the 
experimenter knew which answer was 
correct, and ir 


a half he was kept un- 


wetted, Only 6 of the 17 subjects 
3 a large discrepancy from a 


ance distrihuti 
: nce distribution or errors, but all 
of the 6 Subjects 


made more errors on 
ich the experimenter 
the correct answers him- 
thors Suggested that some 


"ory cue might have been 


those trials in wh 
did not know 
self. The au 
form of aud 
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emitted by the experimenter. That 
this cue was not likely to be vocal 
was suggested by the fact that the ex- 


perimenter kept his mouth tightly 
closed in order to prevent uncon- 
sclous whispering or any other unin- 


tended vocal signaling. These investi- 
gations, like most of the others just 
discussed, did not succeed in isolating 
(as Pfungst had been able to do) the 

specific cues employed. 
Ma: paradigm similar to that used by 
arner and Raible, and one very 
much in the tradition of Clever Hans, 
was chosen by Stanton and Baker 
(1949). In a study of the retention of 
geometric figures 200 undergraduate 
students were tested by five experi- 
enced workers. These experimenters 
had with them a key of the “correct” 
responses, some of which were inten- 
tionally listed incorrectly- Experimen- 
ters were explicitly cautioned to avoid 
any biasing effect of the knowledge 
of the “correct” responses: Never- 
theless, results of the retention test 
showed that, when the incorrect an- 
a had been substituted for the cor 
x one on the experimenter’s key, 
En subjects were more often "cor 
— d incorrect in their response. By 
must Mes or other, experimenters 
beri communicated their expec 
the fa to their subjects. In que 
blind mel Lindzey (1951) and Friec A 
these tT were unable to replicate 
striki ndings, the results were so 
of the and so consistent with some 
that S earlier findings described here 
them it seems improper tO dismiss 
prese; In fact Stanton (19422) later 
vici i. additional. evidence t° 
ployir nen his conclusion. Again e 
tiree $ POSEE materials, he hac 
subje groups of experimenters test 
Nan. for retention. One group ? 
terials had I knew which of the ma 
s had been shown to subjects 
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0. 


or 
S 


earlier. Another group of experimen- 
ters was intentionally misinformed as 
to which materials had been shown 
to subjects, and a third group was 
told nothing. Results of this experi- 
ment also indicated that experi- 
menters had in some way communi- 
cated their knowledge of the correct 
answers to their subjects—subtly and 
unintentionally. 

A final example of the uninten- 
tional cueing of subjects is the case 
briefly reported by Wilson (1952). 
The experimental task required an 
apparently difficult discrimination 
between the presence and absence of 
a faint light. Ability to discriminate 
ared to depend in part on the ex- 
recording system. It 
at maximal discrimina- 
tion occurred when the experimenter, 
using à scratchy pen, unintentionally 
cued the subject by a short pen scratch 
for no light and a long pen scratch 
for the light. 

It is interesting to compare the re- 
sults of the investigations described 
with the results of Pfungst’s experi- 
ments. All these investigators learned 
something about the experimenters’ 
unintentional communication with 
their subjects. But with the possible 
exception of the case described by 
Wilson (1952)—which seems to have 
been à much simpler one than any of 
the others- no one but Pfungst suc 
ceeded in specifying the exact cues 
that had been unwittingly emitted to 
the subject. Johnson had been able 
to implicate the experimenter's respi- 
ratory pattern, but he could not be 
sure of it Stratton, Foster, and 
Warner and Raible were able to state 
only the sense modalities likely to be 
involved in the unintended commu- 
nication. Pavlov, and Stanton and 
Baker, could not specify the modali- 


ties involved at all. Of all the com- 


appe 
perimenter's 
turned out th 
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plicated cases of unintentional com- 
munication studied, only Pfungst's 
case can be regarded as having been 
completely solved. Taking all the 
cases together does suggest, however, 
that ordinary, though often extremely 
subtle, sensory cues may be sufficient 
to explain the unwitting communica- 
tion between experimenters and sub- 
jects. Some more recent attempts, 
both to elicit and to elucidate such 
unwitting communication, will be de- 
scribed in the following section. 


III 


In many of the cases of the Clever 
Hans phenomenon the subtle and un- 
intentional cueing of 
the experimenter could be attributed 
to the  experimenter's expectancy. 
Pfungst, for example, considered ex- 
pectation and its attendant tension as 
helping him to account for 
munication of correct 
Clever Hans (see p. 147). 

In general Hans performed accu- 
rately only for those questioners who 
consciously or unconsciously be 
he could. Merton's (1948) concept of 
the self-fulfilling Prophecy seems rele- 
vant: one behaves in such a way as 
to increase the likelihood of s 
prophesied event. That 
menters over the years may 
fulfilled their experimenta] 
ecies by unintentionally comm 
ing information to their subjec 
be a disquieting Proposition. 
probably never know what 
tion of behavioral 
been affected by the unintended com- 
munication of experimenter 
ancies. This problem 
phenomenon, 


the subject by 


the com- 
responses to 


lieved 


the 
many experi- 

have 
proph- 
unicat- 
ts may 
We will 
propor- 
researches have 


expect- 
the Clever Hans 
has occupied 
ent writer’s attention for me 
last decade. 


the pres. 
^t! of the 


With horses so hard to come by and 


troublesome as laboratory animals, 
rats will do. A dozen students of ex- 
perimental psychology served as ex- 
perimenters in a study of the learning 
of a brightness discrimination in 
which rats were purported to have 
been specially bred for cleverness 
(Rosenthal and Fode, 1963). Each ex- 
perimenter trained five animals a day 
for five days. Half the experimenter 
were told that their animals were 
from the “Berkeley Colony: Maze 
Bright Division,” and the remaining 
experimenters were told that their 
animals were from the “Maze Dull 
Division." The experimenters’ expec- 
tations were thus manipulate 
leged reference to the 
history. 


d by al- 
subjects’ genetic 
All the rats were, of course, 
from a homogeneous population and 
were assigned at random to experi- 
menters. At the end of the 
running, the animals used 
menters expecting bette 
outperformed the 
experimenters expe 
formance. 


first day's 
by experi- 
r performance 
animals used by 
cting poorer per- 
The difference 
statistically significant 
over the full five 
mals believed to | 
again as many 

those believed to 
lar discriminatioi 
ficult one, 
fused to 

Moreover, 
perimenter 


found was 
and held up 
"day schedule. Ani- 
e bright made half 
correct responses as 
be dull. The particu- 
employed was a dif- 
and the animals often re- 
make any response at all. 
among animals used by ex- 
S expecting good perform- 
ünce no Tunning at all occurred. on 
14% of the trials, whereas the ani- 
mals used by experime 
poor performance 


90o* 3 . 
29% of the trj 


What 
the r 


nters expecting 
refused to run on 
als. 

“ues could have 


been given 
ats by their t 


experimenters to ac- 


coun " 
iie De the results of this experi- 

It would he preposterous to 
Suppose that the 


rats carefully ob- 


serve. d z 
d the head movements of the ex- 
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perimenters as Hans had done, or 
listened for auditory cues as John- 
son's dogs may have done. Still cues 
can operate, as it were, automatically. 
To this writer it seems more likely 
Nee these experimenters handled 
their rats differentially as a function 
of their expectancy about their abili- 
ues and that the differences in han: 
dling these. animals led to the dif- 
ferences in their performance. How 
does one handle a rat believed to be 
bright? Perhaps more often and more 
gently; perhaps more "warmly" and 
enthusiastically than one handles an 
animal believed to be dull. Associated 
with the perception of animals” 
brightness in our sample of experi- 
menters was the perception of ani- 
mals’ "character." Rats believed to 
be brighter were described by their 
experimenters as cleaner, tamer, and 
Benerally more. pleasant. It may have 
been these associated characteristics 
EINE led the experimenters (o handle 
their brighter-perceived animals dif- 
lerentially. In any case, ex perimenters 
Who believed their subjects to be 
bright stated that they did handle 
these subjects more often and more 
gently than did the experimenters 
Who expected less of their subjects.” 
m Bronge and others found, thie 
shane mn of experimenters a 
mal AM so readily to theit ani- 
ihes SUSIEEGE IE might expect that 
their ey also be communicated tO 
5 human subjects. For this reason 
mug: of studies was undertaken to 
i role ol the experimenter 
ane 8 in influencing the fë- 
task S = of their human subjects. 
Na person-perception was enr 
(Ra in many of these investigations 
10 e 1963). Subjects were asked 
een ws what degree of success had 
tured sc d by each person 
n a series of photographs. 


pic 
The 
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subjects rated each photo from very 
unsuccessful (—10) to mildly unsuc- 
cessful (—1) to mildly successful (+1) 
to very successful (+10). The photos, 
a magazine, had been stand- 
to evoke average ratings of 
zero (neither successful nor unsuccess- 
ful). The basic procedure employed 
in many of these studies was to draw 
random sample of experimenters 
and to lead half of them to expect 
that the subjects assigned to them 
would tend to see the people pictured 
The remaining experi- 
led to expect that their 
subjects would tend to see the people 
pictured as successes. Actually, of 
subjects were simply assigned 
at random. All 


cut from 
ardized 


a 


as failures. 
menters were 


course, 
to their experimente 
experimenters were given identical in- 
to read to their subjects. 
hree studies in which 
30 experimenters each used about a 
dozen subjects, the lowest average 
rating obtained by any experimenter 
expecting high ratings was higher 
than the highest average rating ob- 
tained by any experimenter expecting 
low ratings from his subjects. In all 
three studies these nonoverlapping 
distributions of experimental results 
differed very significantly from any 
results. that be attributed to 
chance. 

The conclusion to be drawn from 
and subsequent studies (Rosen- 
1964) is that in some subtle, un- 
intentional way experimenters do 
communicate their expectations to 
their human subjects, whose perform- 
ance significantly altered. 
There however, the st 
urgent question: How do the experi- 
menters communicate to their sub- 
jects what it is they expect of them? 

The exquisite sensitivity of human 
subjects to these “demand character- 
has been amply documented 


structions 
Nevertheless, in t 


could 


these 
thal, 


then 
remains, 


is 
ni 


istics” 
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by Martin Orne (1962). Data from 
several experiments, including a care- 
ful analysis of sound motion pictures 
of interactions between the experi- 
menter and his subject, suggest that 
no gross procedural errors are respon- 
sible; neither words nor readily per- 
ceptible gestures carry the burden 
of communication. The explanation 
does not lie in the infrequent occur- 
rence of biased errors of observation, 
recording, and computation. 

Now it seems reasonable to suppose 

that the cues employed by experi- 
menters who intentionally tried to in- 
fluence their subjects might appear as 
simple exaggerations of more subtle 
cues employed when the experiment- 
ers were influencing their subjects un- 
intentionally. According 
tion picture films were made of three 
experimenter-subject interactions. in 
which the photo-rating task was em- 
ployed. Each experimenter was 
signed at random a number between 
—10 and +10. It was made the ex- 
perimenter’s task to influence his sub- 
ject to rate the stimulus photos 
close to the randomly assigned nu. 
merical value as possible. The three 
films were then viewed by a 1 
group of observers who, of course, 
were not told what rating each ex. 
perimenter was trying to elicit from 
his subject. AII observers made 
effort to guess the numeric. 
each of the three experime 
trying to obtain from 
These guesses proved to b 
there can be little doubt 
servers accurately “read” 
menter's expectancy when 
tionally tried to influence hi 
responses.1? 

When observers can agree so well 
on an experimenter's expectancy, 
would expect them 
the channel 


ly, sound mo- 


as- 


as 


arge 


an 
al value 
nters was 
his subject. 
€ so accurate 
that the ob- 
an experi- 
he inten- 
s subject’s 


we 
also to agree on 
of communication in- 


volved. Numerous hypotheses were 
suggested by the observers, but there 
were few agreements on the specific 
cues employed. There appeared, how- 
ever, to be two promising dimensions 
for the location of hypotheses. One 
of these had to do with timing; that 
is, when in the social interaction the 
communication occurred. The other 
had to do with sense modality; that is, 
whether the cues were more visual- 
kinesic or more auditory-paralinguis- 
tic For many observers the com- 
munication of expectancy was judged 
to occur only after the subject began 
making his responses. These observers 
were our "reinforcement theorists," 
who pointed out that when subjects 
Save a response close to the desired 
value, the experimenter responded 
with positive reinforcing cues such as 
smiling, head-nodding, looking more 
pleased or interested, and recording 
the responses more vigorously. The 
reinforcement theorists pointed out, 


moreover, that when subjects gave 
responses not in accordance with the 
expectancy, the experimenters em- 
ployed negative 


reinforcing cues— 
ebrow-raising, look- 
disappointed, repeat- 

aloud, tapping the 
1g the stimulus photo up 
g the photo forward, and 
the photo down on the 
There was agreement 
among observers that no two experi- 
menters showed exactly the same pat- 
tern of reinforcements. 

Opposed to th 
Orists Were obse 
communication 
ceded subjects’ y 
menta] task. 
vided a; 
involved. 


head-shaking, ey 
ing surprised or 

ing the response 
pencil, holdiy 
longer, tiltin 
"throwing" 

table. 


€ reinforcement the- 
ers who felt that 
of expectancy pre- 
esponse to the experi- 
These theorists were di- 
ure of the cues 
» the specifist, em- 
tial cues associated 
nter’s reading of the 


CLEVER HANS: 


instructions to the subject. These ob- 
servers believed they had noted a 
greater emphasis on the desired al- 
ternative when the subjects alterna- 
live responses were described for him 
by the experimenter, but there was 
little agreement on the form of this 
emphasis. Vocal stress in speech was 
suggested as one form of emphas 
but so were stammering, changing the 
rate of speech, making more reading 
errors, and pointing a little longer at 
that region of the rating scale from 
which the subject was to select his 
response. 

The other type of nonreinforcement 
theorist. was the generalist, who 
tended to de-emphasize the impor- 
tance of any single, small cues. In- 
stead these observers emphasized the 
general climate created by the experi- 
menter from the very beginning of his 
interaction with his subject. Thus, the 
experimenters who expected more 
Positive ratings from their subjects 
Were seen as creating a more positive 
tone, whereas those who expected 
Negative ratings were seen as creating 
à more negative tone. As part of this 
Beneral tone the experimenters’ ocular 
dynamics were specifically noted: 
Breater eye-contact was associated with 
Positive tone and visual-avoidance 
With negative tone. 

1 great differences in what t 

Tvers saw on looking at the in- 
tentional communication of the ex- 
Perimenter's expectancy are reminis- 
cent of the early search for the key 
o communication of information to 
1 Hans. In this case, however, 

e analysis is not as yet at hand— 

a for intentional nor for unin- 
tonal communication. 

M s Introduction to the pem 

ies ne Stumpf confessed that he hac 

Pected to find auditory cues for 

ans rather than minute visual cues 


he 
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—cues so subtle that even expert ob- 
servers who expected them could not 
detect them. Still Stumpf was not al- 
together wrong, for in at least some 
tasks it appeared that auditory cues 
were of some value to Hans. When 
Hans was asked to fetch placards with 
certain words written upon them or to 
select one of several colored cloths, 
Mr. von Osten would shout at him if 
he approached the wrong stimulus— 
thereby directing him to the correct 
one. In experimental observation of 
this task Pfungst found Hans to be 
about 30% accurate with benefit of 
visual cues alone. When auditory cues 
were added, Hans's performance 
jumped to over 50% accuracy. 
Following closely in Pfungst's foot- 
steps, Fode (1960) undertook a study 
directed at learning the relative con- 
tribution of visual and auditory cues 
to the process by which an experi- 
menter unintentionally communicates 
his expectancy to his subjects. The 
standard photo-rating task was admin- 
istered by 24 experimenters to 180 
men and women subjects. The 24 ex- 
perimenters were randomly assigned 
to one of four groups. One group of 
six experimenters, the control group, 
was led to expect their subjects to rate 
the photos as being of unsuccessful 
people. The remaining three experi- 
mental groups of six experimenters 
each were led to expect their subjects 
to rate the photos as being of success- 
ful people. The experimental groups 
differed from each other in the types 
of cues they unwittingly sent their 
subjects. The experimenters permit- 
ting visual cues were visible to their 
subjects, but remained entirely silent 
except for greeting their subjects and 
handing them written instructions. 
The experimenters permitting audi- 
tory cues read their instructions to 
subjects aloud, but were hidden from 
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their subjects’ view by an interposed 
screen. Those free to give both visual 
and auditory cues read their instruc- 
tions to their subjects and also re- 
mained in full view. This group dif- 
fered from the control group only in 
the induced expectancy. 

The results of this study showed 
no difference in obtained photo-rat- 
ings between the group permitted 
visual cues and the control group, a 
result which suggested, among other 
interpretations, that visual cues alone 
were insufficient to carry the burden 
of the unintended communication or 
that the strangeness to the subjects of 
an apparently unnecessarily aloof and 
mute experimenter led to their rating 
the photos as more unsuccessful. The 
group permitted auditory cues ob- 
tained significantly more r 
success than did the control 
result suggesting that 
linguistic cues alone might be suffi- 
cient to communicate experimenters’ 
expectancies to subjects, The group 
permitted both visual and auditory 
cues obtained significantly more rat- 
ings of success than did the group per- 
mitted only auditory 


atings of 
group, a 
auditory-para- 


cues. [t 


ap- 
peared, then, that the effects of 
auditory cues, although sufficient 


could be significantly. incre 
proximately "doubled") 
tion of visual cues, 
effect of visual cues alone was at best 
only equivocal. In any case, 
clear that neither the Strategy nor the 
tactics of inquiry employed by Pfungst 
are in any way outmoded or irrelevant 
to contemporary psychology. 
Pfungst had noted among 
tioners of Hans that some were 


ased (ap- 
by the addi- 
€ven though the 


it seems 


ques- 


more 
successful than others in having their 


expectancies confirmed by Hans's re 
sponses. The configuration of 


characteristics that Pfungst 
to be 


the 
observed 
associated with more successful 


unintentional influencers of Hans is 
very like that observed to be associ- 
ated with more successful uninten- 
tional influencers of human subjects. 
Thus Pfungst discovered that an air 
of authority about the questioner in- 
creased the likelihood of his influenc- 
ing Hans, and now current ex peri- 
ments show that an air of authority 
increases the effects of experimenters' 
expectancies upon their human sub- 
jects. Pfungst found that ability and 
tact in dealing with animals led to 
more expected responses from Hans. 
The current experiments show that 
an interpersonal style, reflecting a 
relaxed, personal, interested, and in- 
volved approach to human subjects, 
also tends to maximize the effects of 
an experimenter's expectancy. Pfungst 
found that experimenters who were 
more gesturally inclined were more 
able to influence Hans's responses. 
Similarly it now appears that experi- 
menters more inclined to gesture are 
unintentionally more influential in 
determining the 


ir human subjects’ re- 
sponses. 


Pfungst also noted even Hans's bet- 
ter questioners became 
ful in eliciting the 
as they had 
learning-effe 
these 


more success- 
expected responses 
more practice, A similar 
ct has been observed in 
studies of the experimenter's 
expectancy as it affects human sub- 
jects. For these, as for Hans's experi- 
menters, their subjects’ responding in 
accordance with their expectancy may 


W. av Am . 

«Wr have served as reinforcement. 
latever small, unintended visual or 

auditory 


cues were 


TAS produced by the 
€Xperimenters 


would have then be- 
nce re lik 

c © more likely to recur when they 
Increased the like 


lihood of obtaining 
nse. Pfunest’s find- 
interpreted the present ones, may 
does the ex to mean that not only 

Xperimenter unknowingly 


an expected respe 
Ings, as well 
be i 


CLEVER HANS? A CASE STUDY OF 


evoke expected responses from his 
subject but that the subject also un- 
wittingly appropriate cues 
from his experimenter. 

Pfungst and Stumpf summarized 
their difficulties in learning the nature 
of Clever Hans's talents by speaking 
of “looking for, in the horse, what 
should have been sought in the man.” 
There may be many other areas of 
inquiry 


evokes 


contemporary psychological 
in which what we have looked for in 
our subjects should have been sought 
in ourselves as ex perimenters. 


IV 


Are there methodological morals to 


be drawn from ihe case of Clever 
Hans? Whatever questions we may 
have to put to horse or man might 


best be asked by any collector of data 
who has no specific expectancy regard- 
ing what the answer ought to be. The 
ultimate collector of data, Were we 
to insist on an absence of any expecta- 
tion regarding subjects’ responses, 
would have to be some sort of ma 
chine. Nor is this such a bizarre no- 
Uon, for there exist now automated 
Systems for the collection of data that 
drastically reduce—though they do 
not quite eliminate—contact between 
experimenter and subject. Someone 
must still place the animal into the 
automatic apparatus. 


Considering that in much content 


borary behavioral research expert 
Menters have contact with at least 
two types of subjects, some from an 
experimental" and others from a 

s 


control” group, the experimenter 
Knowledge of the subject’s grouP men- 
nership is likely to affect his expect- 
aF regarding their responses. In or 
D that their expectancies should not 
affect the two kinds of subjects differ- 


entially 5 : ES 
Mially, some investigators have taken 


SCIENTIFIC METHOD 511 
to recording their instructions to sub- 
jects on tape so as to assure standard 
presentation to subjects under dif- 
ferent. experimental conditions. That 
would seem to be a reasonable safe- 
guard against the experimenter's tone 
of voice (and other paralinguistic 
features) influencing his subjects’ re- 
sponses differentially. We can well 
imagine that, if Pfungst had had tape 
recorders available, he would have 
recorded his questions for Hans, 
started the tape by remote control, 
simultaneously activating a motion 
picture camera directed at Hans's 
trained foot. If Hans had tapped at 
all, he would of course still be tapping 
no visual cues to stop him. But 
ight not have tapped, and Mr. 
Osten would then have com- 
plained that Hans's training had not 
included any audio-visual instruction 
and that to be realistic a human ques- 
tioner must be employed—and Mr. 
von Osten would have been exactly 
Nor is this fantasy entirely ir- 
relevant to contemporary psycholog- 
ical research. There are experiments 
to be conducted, many of them 
psychology, which would 
simply make no sense at all without a 
present and fully operating human ex- 
In these cases it is still 
assess the relative contribu- 
responses of the ex- 
though 


with 
he m 
yon 


right. 


wailing 
in social 


perimenter. 
possible to 
tion to subjects’ 
perimenter’s expectancy even 
it cannot be eliminated. 
This result could be accomplished 
bv the frequent employment of "ex- 
pectancy control groups,” and there 
areas of behavioral re- 
wch which would not benefit from 
technique. Pfungst utilized 
such expectancy controls when he em- 
ployed some experimenters who, be- 
cause they knew the right answer to 
the question. put to Hans, expected 
him to stop tapping at a certain num- 


are very few 
sei 
such a 
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ber, and other experimenters who had 
no such expectancy. We can general- 
ize this procedure in the light of what 
we know both about the effects of the 
experimenter's expectancy and cur- 
rent methods of research. . f 
Consider any experiment in which 
two different conditions are involved: 
one regarded as an experimental and 
the other as a control condition. Ex- 
amples are a new teaching method 
vs. an old one; a new drug vs. a 
placebo; two types of psychotherapy; 
a salient and a nonsalient persuasive 
communication. The experiment is 
being conducted, in the first place, 
because we think one of these condi- 
tions will lead subjects to respond 
differently from the other. The sub- 
jects in one group will learn f 
lose their symptoms 
their personalities m 
attitudes more. If V 
as we should be, 
expectancies on 
we can introduce 
tal dimension in 


aster or 
sooner or change 
ore or alter their 
ve are concerned, 
about the effects of 
subjects’ responses, 
another experimen- 
which we vary the 
expectancy of the data collector. 
Without necessarily increasing the 
total number of subjects involved we 
would merely divide the e 


xperiment 
into two halves. One half of the sub- 
jects in the “experimental” condition 


would be interviewed by d 
tors who had been led to e 
the theoretical effect (change or im. 
provement or difference) would occur, 
The other half of the subjects, though 
receiving the same programmed treat- 
ment (drug, communication, 
on) would, however, be seen by exper- 
imenters led to believe that there 
would be no effect—perhaps by a false 
labeling of the group or by disparage- 
ment of the effectiveness of the treat- 
ment. Similarly, among the subjects 
of the “control” condition, half would 
be interviewed by experimenters who 


ata collec- 
xpect that 


and so 


expected the effect of the experimen- 
tal manipulation and half would be 
seen by experimenters who expected 
no effect. Appropriate statistical analy- 
sis of the results of such an expect- 
ancy-controlled experiment would 
permit an assessment of the magni- 
tude of the effects of the experimental 
variables of primary interest in rela- 
tion to the effects of the experiment- 
er's expectancy. 12 

Appropriate to the discussion of 
methodological issues, but 
in its own right, 
in the various s 
which 


important 
is Pfungst's interest 
ense modalities by 
man may communicate with 
animals. If we knew precisely by what 
means we unintentionally communi- 
cate our expectancies to our animal 
and human subjects, we could insti- 
tute more effective controls against 
the effect of our expectancies. More 
generally, if we knew more about the 
modalities by which we subtly and un- 
intentionally influence one another, 
we would then have learned a great 
deal that is new about human social 
behavior. Pfungst emphasized the 
visual and auditory sense modalities 
in his Study of Clever Hans, Subse- 
quent investigators have also tended 
to emphasize the role of these modal- 
ities in interpersonal influence, At 
Present there appears in fact to be a 
renaissance of interest in the role of 
kinesic and paralinguistic informa- 
tuon as it contributes to the total 
Process of communication (Sebeok, 
Hayes, & Bateson, 1964). 

Not so much 
Hans as with 
rider relations 


in Connection with 
respect to horse and 


generally, Pfungst dis- 


cussed the importance of kinesthetic 
and tactua] cues, 


By means of these 
cues horses are virtually able to an- 
ticipate the Wishes of the rider quite 
without rider's awareness, The 
in senses in human com- 
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munication has recently been brought 
into focus by Geldard (1960), who has 
presented evidence for a remarkable 
sensitivity of the skin even to human 
speech. For some time it was supposed 
that the blind were enabled to avoid 
obstacles through an exquisite sensi- 
tivity of the skin of the face, called 
facial vision," but it has been shown 
that the sense modality actually in- 
volved is auditory. Recent ingenious 
studies carried out by Kellogg (1962) 
suggest that the blind at least may 
employ a technique of echo ranging 
(sonar) to obtain information about 
their environment, much in the man- 
ner of the bat and the porpoise. Kel- 
logg's human subjects were able to 
assess accurately the distance, size, 
and composition of objects in their 
environment. 

One very neglected modality from 
the viewpoint of interpersonal com- 
munication is the olfactory. Vision 
and audition are useful in human 
communication, not only because 
these senses convey so much informa- 
tion about the environment, includ- 
ing the people in it, but also because 
these senses tell us much about even 
. in the interpersonal en- 
vironment. Olfaction may or may not 
be capable of giving human beings 
this sort of information. Although 
little empirical research has been con- 
ducted on this question, it seems rea- 
sonable to assert that, because we are 
alert to such small changes in others 
facial expressions and tones of voice, 
we could be sensitive to changes in 
odors of others ia A great deal of re- 
search would seem to be needed here. 
When we know much more than we 


small changes 


do now about communication by 
minimal cues of any sense modality, 
ition to 


we will be in a far better Pos 
Understand the structure and dynam- 
ics of such interpersonal relationships 
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CA! 


as those that occur in families, schools, 
businesses, clinics and hospitals—and 
in the collecting of data too. 


Notes 

l. The book which lies ahead in 
Pfungsts, yet in noting that Stumpf 
was both a collaborator of Pfungst 
and eminent as well, more should be 
said about him. What could and 
should be said has been said by Bor- 
ing (1950). One of the most important 
(but clearly not the most important) 
of the German psychologists of the 
waning years of the last century, 
Stumpf nevertheless held the most im- 
portant chair of psychology in all Ger- 
many, the one at the University of 
Berlin. Oskar Pfungst was one of his 
outstanding students. That Pfungst 
should have conducted the investiga- 
tion of Clever Hans at Stumpf's sug- 
gestion made sense, for Stumpf often 
turned experimental enterprises over 
to students who would accept them. 
As Boring (1950) put it: "Stumpf was 
an experimentalist by philosophical 
conviction but not by temperament" 
(p. 371). 

Stumpf, of course, was one of the 
thirteen courageous men who risked 
their professional reputations by ab- 
solving Hans from the reception of 
any observed cues, and Albert Moll in 
an acrimonious context (1910), refers 
to the “September Report" of 1904 
as that. "deplorable report, for he 
claimed to have known all along, on 
the basis of his own study of Hans, 
what was rcally going on. Poor Stumpf 
was berated for not having known, as 
Moll thought any worker in the area 
of hypnosis would, that small cues can 
be effective communicating agents 
even when unobserved by the sender 
or bystanders. Moll further implied 
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that the research program carried out 
by Pfungst owed much of its tech- 
nique to Moll’s experiments with 
Hans, experiments which he said had 
already been reported to the Psycho- 
logical Society of Berlin. Ultimately 
Moll called Stumpf a liar (p. 458), 
but Stumpf survived the attack (by 
some 30 years, in fact) and even got 
in some thrusts of his own, as can be 
seen in some of Stumpf's supplemen- 
tary sections included in this book. 
(When reading these sections such 
phrases as "obscure irresponsibles” 
are best read as “Albert Moll".) H. M. 
Johnson (1911) was right when he re- 
marked that the name-calling aspects 
of the controversy did "scant credit 
to either of the parties" (p. 666). 

Less fortunate in the matter of sur- 
vival was Mr. von Osten 
quite so easy to view the controversy 
as somewhat quaint. Mr. von Osten, 
unlike scientific antagonists, 
everything to lose and 
parable to g 


nor is it here 


had 
nothing com- 
ain by having his H 
investigated. He must indeed 
been completely honest 
and the 


ans 
have 
and sincere 
findings in this book grieved 
him deeply, nor could he accept them, 


Within a few months he died. (John- 
son, 1911). 


] Johnson 
(1911) said: “His account may be read 


with the interest of an exciting nove] 


and yet with great and lasting profit 


by anyone at all interested in animal 
beh 


avior or in the problems of 


$ animal 
consciousness, whethe 


T his interest be 
that of the comparative 


psychologist, 
the 


naturalist, or the mere 
domestic 


The 


employ Pfungst's inquiry 
tration 


lover of 
animals" (sce page 633). 


teacher of psychology can nicely 


as an illus. 
of John Stuart Mill's major 
principles of scientific method as set 
forth in his Logic of 1843 Mill's 


method of agreement, the observation 
of systematic consequences of 
event, is illustrated by Pfungst's ob- 
servation that Hans's cleverness fol- 


an 


lowed his viewing a questioner who 
knew the answer to the question 
posed. Mill's method of difference, the 
more powcrful principle, requires not 
only systematic consequences of an 
event but also the absence of these 
consequences in the absence of the 
event. This principle is illustrated by 
Pfungst’s employment of blinders and 
of questioners who did not know the 
answers to their questions. Mill's 
method of concomittant variations, 
an extension of the method of differ- 
ence, requires that changes in the 
magnitude of the consequences are 
systematically related to changes in 
the magnitude of the antecedent. This 
principle is illustrated by Pfungst's 
observation. of the relationship be— 
tween the questioner's distance. from 
Hans and Hans's cleverness, (See also 
the discussion of Mill's methods by 


Boring [1954].) 


All these clever animals were of in- 
terest to Pfungst and are cited by him 
in the present volume except the last, 
a much more recent case. Lady, the 


talking horse of Richmond, Virginia, 
was in 


some ways very much like 
Hans, Only more "ambitious." She 
could not only 


count and spell but 


she could also locate missing objects, 


foretell the future, and even venture 


10 give persona] 
It was said th 
owner 


and financial advice. 
at a friend of Lady's 
consulted ! 


important 
Lady attr: 


but, 


ady before making 
decisions. Like Hans, 


acted considerable attention, 
unlike Hans's 
owner, a Mrs. Ch 
4 nomin 


any 


owner, Lady's 


audia Fonda, charged 
m al fee for her horse's services. 
a ‘atever Lady's talents were, she 
lad a 


more sophisticated method of 
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replying tọ questions than Hans. 


Where Hans could only tap or not 
tap, Lady had learned to operate a 
special typewriter. With her nose she 
would flip up letters and numbers in 
sequence to form her brief replies. 
(Pictures of Lady employing her ap- 
paratus can be found in Life maga- 
zine of December 22, 1952, Vol. 
No. 25.) 

A^ thoroughly dependable 
worker in 
because of his mod- 
use his 


inform- 


research another 


ant, a 
discipline (who, 
esty, prefers that I do not 
name), not only made me aware of the 
Virginia horse but observed. her skill 
He and his wife owned 
id recently disap- 
horse. reputed 


of lost objects, 


at firsthand. 
a prize dog which hi 
peared. The Virginia 
to be a good finder 
My friend's wife, con- 
so had come to some 
abouts. 


was consulted. 
vinced that the dog ! 
harm, inquired of his 


wher 


The horse spelled out the word 
"dead." A few days later the pet 
turned much alive. My 


up 
friend's interpretation, 


very 
with which it 


is casy to agree, was that the owner of 
ioner's con- 


the horse sensed the quest 

Viction that the dog was dead. In some 
Way, not at all apparent 
keen observer, the horse's own 
to her 


even à 
er must 


to 


the se 


communicated 
quence of appropriate keyboard re- 
Sponses. It is one thing tO find the 
cues that start and stop @ horse's tap- 
ping. It is quite another to find the 
cues that lead a horse to choose one 


letter out of 26 and then another and 
the “keys” 


have 


another, especially when 


of the typewriter are quite close to- 
gether. “o learn the unintentional (if 
it was unintentional) signaling system 
in this case would have provided 
Pfungst with another worthy chal- 
lenge. 

» Pfungst’s encounter with Hans was 
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not to be his last investigation of a 
clever animal. Only a few years later 
he was to study the conversational 
of "Don," a seven-year-old 
setter. Don's Osten” 
not an academic but a royal game 


by the name of Ebers. Don 


ability 


German "von 


was 
warden 
did not bark, tap, or type his answers, 
but rather spoke them—or so it was 
Don could "pronounce" his 
the nouns “hunger,” "cake," 
and the verb "to have." Like 
Don could be asked questions 


said. 

name, 
"rest," 
Hans, 
in any language. though each was con- 
fined to one language in responding 
German in the 
ed his thorough- 


(taps in one ca: 
other). Pfungst show 
ness once again in his investigation of 
Don, this time making phonographic 
recordings of Don's "speech." The 
case of Don was simpler than the case 
It turned out that people 


of Hans. 
simply heard him say what they ex- 
pected and wanted him to say. From 


the phonographic recordings it be- 
came clear that if Don could speak. 
he suffered from a disorder of 


then 
More important, it was 


articulation. 
quickly established that Don answered 
all questions with answers learned in 
sequence. If the questions were asked 
in the right order, the answers, though 
oorly articulated, would be approxi- 


p 
If the question order 


mately correct. 
was varied, the answers were wrong. 
All in all, Don did not represent the 
same degree of challenge to Pfungst 
that Hans had offered or that the talk- 
ing horse of Richmond might have 
prov ided if Pfungst had been there to 
look into it. Some additional details 
of the case of Don are to be found in 
H. M. Johnson's report (1912). 

Let me thank Marvin Hoffman for 
calling this work to my attention. 
This was a brilliant trio of investi. 
gators, all three from the University 


516 


FRONTIERS IN PSYCHOLOGY 


of California at Berkeley. In accord- 
ance with the criterion of multiple 
mention by Boring (1948, 1950), all 
were major figures in the history of 
psychology. Compare this illustrious 
group to Pfungst, who, though he is 
mentioned in passing by Boring 
(1950), has been virtually unknown by 
American psychologists. Pfungst did 
indeed enjoy local fame, not only 
through his work with Hans but also 


through his writing for the popular 
press. 


8. Let me thank E. G. Boring for calling 
this and other work by Johnson (and 


the early work of J. G. Miller) to my 
attention. 


9. A second experiment was conducted 
to check on the results of this first one 
and to extend the generality of its 
findings (Rosenthal and Lawson, 
1964). The learning tasks for the ani- 
mals were posed within the context 
of Skinner boxes; half the experi- 
menters were told that their animals 
were "Skinnerbox dull" while the 
remainder were told that their ani- 
mals were "Skinner-box bright." Sub. 
jects were again labeled bright and 
dull at random and assigned to the 
research groups at random. This wi 


as 
a more longitudinal e 


xperiment in 
that experimenters worked with the 
same animals over the course of an 
entire academic quarter. Seve 


n spe- 
cific experiments were 


performed: 
magazine training, operant acquisi- 


tion, extinction and Spontaneous re- 


covery, secondary reinforcement, stim- 
ulus discrimination, stimulus general- 
ization, and chaining of responses. 

In this experiment, as in the 


earlier 
one, those 


who be. 
lieved their animals were the better 


performers obtained significantly bet- 
ter performance than did the 
menters who believed 


experimenters 


experi- 
their subjects 


11 


to be the poorer performers. In this 
study, too, experimenters who be- 
lieved their subjects to be brighter 
rated themselves as more pleasant vis- 
à-vis their animals and reported that 
they handled them more. Although 
less handling of subjects occurred gen- 
erally in this Skinner-box study than 
in the maze-learning study, there was 
still opportunity for handling animals 
in transporting them from home cage 
to Skinner box and then back again 
at the end of the day's work. At the 
present time, and on the basis of the 
two studies described, we can con- 
clude that experimenters’ expectancy 
may be a significant determinant of 
their subjects’ performance when 
those subjects are laboratory rats. Our 
best guess about the 
is that they are medi 
ject by 
Visual 
been 


“cues” involved 
ated to the sub- 
differential handling patterns. 
and auditory cues have not 
definitively ruled out for rat 
subjects, but they seem less likely to 
play the major role they have played 
in the experimenter determined per 
formances of horses, dogs 
- Altogether there were 
most of whom were gri 
For each observer 
lation 


, and pigs. 


52 observers, 
aduate students. 
a rank-order corre- 
computed between the 
number he guessed the experimenter 
was after and the number that actu- 
ally had Deen assigned that experi- 
menter: "Where by chance we would 
expect 26 of these 
be positive in sign, 
and the medi 
Ina 


was 


52 correlations to 
48 were positive, 
an correlation was 4.88. 
replication study involving five 
additional experimenter-subject dy- 


ads, a smaller group of 11 observers 


Obtained 4 median correlation o 
72 between their guesses of the ex- 
perimenters’ 


a 
expectancy and the € 
Pectancy actually assigned. 


he terms "kinesics" and “paralin- 
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guistics" refer to two of the newer 
areas of study within the broader field 
of interpersonal communication. Ki- 
nesics is the study of those body move- 
have relevance for the 


ments that 


transmission of information (for ex- 
ample, gestures). Paralinguistics is the 
study of those vocal-but not spe- 
cifically linguistic—behaviors that have 
similar relevance (for example, tone 
of voice), Both areas, subsumed under 


the m : as S" 
he more generic area of "semioti 


have come in for recent systematic at- 
tention (Sebeok, Hayes, & Bateson, 
1964). 
12. The 
The employment of expectancy con- 
trol groups, including details of the 
analysis of the results, has been dis- 
cussed elsewhere (Rosenthal, 1964a). 
18. Ales ii 
Alexander Wernicke, the physicist- 
Braunchweig. 


Philosopher from 
c of 


thought so—especially in the cas 
subject whose "extremely 
be 


à hypnotis 
delicate sense of smell" would 
mobilized to try to "read" the. hyp- 
notist's expectation. A careful experi- 
menter, Wernicke suggested that hyp- 
notist and subject should be separated 
from one another by a glass partition 
(Moll, 1910, p. 518). 
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In the following article you will see the happy result of a bril- 
liant scientist's tireless curiosity. Von Békésy treats in turn a remarkable 
variety of topics which have caught his interest over the years. He writes 
about reciprocal inhibition of opponent muscle sets and of lateral in- 
hibition which results in Mach bands. Starting from the simple premise 
that all sense organs have developed out of the skin, von Békésy estab- 
lishes some remarkable parallels between the delicate sensory surface on 
the cochlear membrane in the ear and the skin surface on the forearm! 
késy predicts that just as a human is very good 
' he might be very accurate at detecting the 
presented to the two nostrils or to both 
sides of the tongue. Although it may take as much as a second ro develop 
a taste sensation in response to a gustatory stimulus, von Békésy found 
that the surface of the tongue is sensitive to time intervals as small as 
1/1000th of a second. . 3 

Not all of the arguments are very easy to follow, but the reage who 
works through them will gain a profound respect for this most remark- 


able and inquisitive Nobel laureate. 


In a similar fashion von Bé 
at auditory “direction finding’ 
apparent position of a stimulus 
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SIMILARITIES OF INHIBITION 


IN THE 


DIFFERENT SENSE ORGANS 


Georg von Békésy 


I would like to show in the following 
text the scientific framework of ob- 
servation that made me interested in 
inhibition. Since I worked for many 
years in telephone engineering, the 
input and output system as repre- 
sented in Figure 1 Was, at that time, 
the basis of all my thinking. It is al- 
most an electrical model of the cau- 
sality principle. Unfortunately, the 
simple inputoutput model does not 
hold for many situations. For instance, 
the sound of a speaker is reflected 
from all the walls of a room and the 
listener hears two types of sounds, 
first the direct sounds representing 
the simple inputoutput system, and 
then the reflections from the walls. To 
localize the speaker correctly, all the 
reflected sounds coming 


from the 


Reprinted with permission of the author and 
publisher from Georg von Békésy's "Similari- 
ties of Inhibition in the Different Sense Or. 
gans,' American Psychologist, 24, 1969, bb. 
707-19. Copyright © 1969 by the American 
Psychological Association and reproduced by 
permission. This was an invited lecture pre- 
sented at the meeting of the American Psy- 
chological Association, September 1, 1968, in 
San Francisco. The research was supported in 
part by the American Otological Society 
Grant M-14, the National Science Foundation 
Grant GB-5768, and the National Institute of 
Health Grant NB-06890. 


walls have to be suppressed. I would 
like to call this suppression inhibi- 
tion. 

Inhibition is not new. By looking 
at Greek statues, it is obvious that 
sculptors realized that it is impossible 
to contract all the muscles simulta- 
neously, During movement, when one 
muscle is contracted its opponent is 
always relaxed, The relaxed muscle 
is the one that is inhibited by the 
nervous system. If we stimulate elec- 
tically both muscles simultaneously, 
we do not move, but have a cramp. 
If we look at Roman copies of Greek 
Statues, we may fee] that something 
1s wrong and misunderstood. My im- 
Pression was that the Roman copies 
did not understand the principle of 
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important discovery predicted by a 
theory. 

I would like to call the law, that 
every joint 1s connected with a muscle, 
the Law of Eustachius. It is the first 
law in anatony. We need many other 
laws of exactly that type that are able 
to integrate our views on anatomy 
and that lead to new discoveries. 

The first scientist who clearly de- 
scribed muscle activity was Descartes 
(1677). As can be seen from Figure 2, 
he shows for the rotation of the eye- 
ball two muscles, one of them is ex- 
cited and the other one is inhibited 
and flat. It was evident to him that the 
produce a rotation of the 
have this interaction be- 
o muscles, so that when 
ted and contracted, 

his companion is 
This holds for 


only way to 
eyeball is to 
tween the tw 
one muscle is exci 
at the same time 
inhibited and relaxed. 
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Figure 2 


Eyeball with the two muscles to rotate 


them. The muscle on the right side is 
contracted, the muscle on the left side 
relaxed. In this situation, the eyeball is 
rotated counterclockwise. The upper part 
in the drawing represents the nerve sup- 


ply. (After Descartes.) 
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every degree of freedom. There is a 
little too much seventeenth-century 
hydraulics in Figure 2. The muscles 
do not change their volume that 
much during contraction and the 
nerve tracks are not like pipe lines. 

In the nineteenth and twentieth 
centuries, inhibition was well known. 
I would like to quote here Hering's 
(1878) theory of color vision, which 
is based on the a sumption that there 
are groups of colors, which mutually 
inhibit each other. The work of Sher- 
rington (1947) and Eccles (1957) is 
very well known, and lateral inhibi- 
tion in vision was mainly described 
by Hartline (1949) and Ratliff (1965). 
Central inhibition was discovered 
early by the Russian scientist Seche- 
nov (1935). 

It is the discrimination 
central inhibition and later 
tion that clarified many facts we know 
today. The difference can be best il- 
lustrated by some examples. It is a 
well-known fact that a miller hears 
the noise of the grinding with a very 
much reduced loudness. The loudness 
reduction is the same for all frequen- 
cies and any small event can make 
the loudness jump back to its original 
value. We think this type of inhibi- 
tion is produced on the higher level 
of the nervous system and we would 
like to call it central inhibition, To 
say that there is a central inhibition 
is equivalent to the statement that 
the sensation magnitude is reduced. 
In some cases it is even difficult for 
the subject to say if the sensation was 
reduced by central inhibition or a re- 
duction of the stimulus. 

Lateral 


between 
al inhibi- 


inhibition, on the other 
hand, is the interaction between two 
similar stimuli on a sense organ, par 
ticularly with a large surface area. It 
can produce a 
crease of the 


reduction or an in 


local sensation. magni- 


tude. It produces a sharpening of the 
edges of a stimulus pattern and it may 
change the localization of a stimulus 
considerably. 

The general concept in sensory sci- 
ences has been that inhibition is a 
relatively small effect that only modi- 
fies slightly the input-output system 
seen in Figure 1. Of course, the system 
had to be modified to the type shown 
in Figure 3 to fulfill the more com- 
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nology is that we are able to correct 
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one single adjustment. 
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and compare the 
hand position with the position of 
the object We want to touch. 
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Naturally, if we have a 
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system with the feedback is Ta 
more effective and much more p d 
cise. There was a time when m — 
production all the adjusting was done 
once. In situations where the amount 
of material used was not important, 
this method is still used. But today, 
for the more complicated produc- 
tions, we have to use a feedback 
system that will readjust the manu- 
facturing process if anything is wrong 
with the end product. 

In spite of the fact that in manu- 
facturing more and more feedback 
Systems are used, there are some v 
important fields where the resistance 
against the introduction of feedback 
considerations is very high. For in- 
Stance, economists still insist on a 
five-year plan, a strict application of 
an input-output concept. It is a good 
system for the start but during later 
development it becomes questionable, 
The education Program of a uni- 
versity with 20,000 students handled 
as a five-year plan without feedback 
can be quite a risk, Maybe the worst 
applications of the inputoutput con- 
cept are some military war projects 
that are maintained until the 
more input left. 

If we use however a feedback sys- 
tem, immediately the question comes 
up, what should we feed back? Any 
electronic device will put up a great 
deal of information that we might 
not want to feed back, if it is unim- 
portant for our purpose. Therefore, 
we need a selective feedback. This 
can be done by filter action, etc., and 
this filter action is the sort of inhibi- 
tion that I would like to describe, 

We can see already from this simple 
description that feedback and inhibi- 
tion have to be applied together. 

Figure 5 shows again a drawing 
made by the Aerospace Medical Re- 
search Laboratory. It shows another 


ery 


re is no 


part of the nervous system with many 
feedback lines. This is the part in the 
brain in which corrections. are pro- 
duced, and I think it is the more im- 
portant one. It is this type of network 
that is found mainly also in the mi- 
crostructures of the nerv 


Ous system. 
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we may exp 


brane. ; 
If we look at Figure 5, the inter- 
connections are so complicated that 


the question arises as to how can we 
art to do any experiments or any 
field that is so difficult. 


we always can do one 
thing: we can investigate to see if this 
complication js about the same for 
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and there is a certain hope pull. 
combining the different sense M o 
we might make some Po j 
re, I think the investigation 
thermore, : : 
of the similarities between the sense 
organs is a new avenue. . ; 
From the engineering point o 
view, it would be most convenient to 
consider the whole sensory system as 
simply consisting of different recep- 
tors, adapted to the different stimuli 
in nature. The diflerence between 
the sense organs would then be in the 
end organs, which would then be the 
transformers of the physical stimuli, 
And after this is done we would pre- 
fer that all subsequent neural mes. 
sages and their interactions should be 
similar. This assumption, to put all 
the differences between the sense or- 
gans into the periphery and make the 
rest of the higher nervous level simi. 
lar, actually seems to be quite fruit. 
ful. It immediately points to the fact 
that similarities should be expected 
mainly in the proce of the nerv- 
ous information. 


On the basis of some prelimin 
experiments, this conc 
be correct. The so-called Mach band 
may be used as an illustration, As 
shown in the top drawing of F gure 6, 
we can produce on the retina 
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chological) distribution would 
similar to a trapezoid 
should show only one maximum with 
a flat top. But, as illustrated in the 
drawing below, this does occur. 
We have two Maxima, These two 
maxima are called white Mach bands, 
They were discovered 100 years 
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and there is a certain hope that by 
combining the different sense organs, 
we might make some progress. Fur- 
thermore, I think the investigation 
of the similarities between the sense 
organs is a new avenue. 

From the engineering point of 
view, it would be most convenient to 
consider the whole sensory system as 
simply consisting of different recep- 
tors, adapted to the different stimuli 
in nature. The difference between 
the sense organs would then be in the 
end organs, which would then be the 
transformers of the physical stimuli. 
And after this is done we would pre- 
fer that all subsequent neural mes- 
sages and their interactions should be 
similar. This assumption, to put all 
the differences between the sense or- 
gans into the periphery and make the 
rest of the higher nervous level simi- 
lar, actually seems to be quite fruit- 
ful. It immediately points to the fact 
that similarities should be expected 
mainly in the processing of the nerv- 
ous information. 

On the basis of some preliminary 
experiments, this conclusion seems to 
be correct. The so-called Mach band 
may be used as an illustration. As 
shown in the top drawing of Figure 6, 
we can produce on the retina a light 
distribution that increases from zero 
up to a certain constant. value, then 
drops continuously down to zero. This 
luminance (physical) distribution rep- 
resents in this case a trapezoid. We 
will expect that the brightness (psy- 
chological) distribution would be very 
similar to a trapezoid also, which 
should show only one maximum with 
a flat top. But, as illustrated in the 
drawing below, this does not occur. 
We have two maxima. These two 
maxima are called white Mach bands, 
The, were discovered 100 years ago 
by Mach (1865-1868) and they indi- 
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Figure 6 
Luminance distribution along the surface 


of the retina that has a trapezoidal form, 


as shown in the top drawing, produces a 
brightness. distribution that 
maxima. 


shows two 
The two lower drawings indicate 
that a cardboard with a trapezoidal cut 
pressed against the surface of the skin 
will produce a pressure sensation similar 
to that of the brightness distribution with 
two maxima in spite of the fact that the 
original pressure. stimulus has 


i only one 
maximum. 


cate that the distribution of the sen- 
sation magnitude does not completely 
correspond to the stimulus distribu- 
tion, rather the sensation emphasizes 
discontinuities in the stimulus distri- 
bution. As we can see from the second 


drawing, the corners particularly are 
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tion we can cut out from a cardboard 
the shape seen in the third drawing. 
Again, the pressure distribution will 
be in the form of a trapezoid. We can 
test the magnitude of the pressure dis- 
tribution by measuring under a mi- 
croscope the indentations of the skin, 
and it turns out that it follows exactly 
the pattern of the trapezoid. Any ob- 
server will immediately say he feels 
practically only the corners as it is 
shown in the lowest drawing of Fig- 
ure 6. We have the Mach bands not 
only in the retina, therefore, but we 
have them also on the surface of the 
skin, a similarity already pointed out 
in 1928. Since that time, ] have been 
Interested in discovering more and 
more similarities between the differ- 
ent sensory perceptions. 
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non. If we then explore the taste sen- 
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ence of one millisecond produces a 
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vious experiments that for the ear 
we need about 0.2 seconds for the full 


of the loudness sensa- 


development 
the 


tion. But the development of 
taste sensation takes more than a 
second, Therefore, it was surprising 


to find that even for a sense organ 
a slow-acting receptor, the 
of one millisecond be- 
stimulation could 


with such 
time difference 
tween a two-point 
be recognized. 
The measurements for the taste ex- 
periments were extremely difficult and 
required a complicated equipment be- 
cause we had to exchange the fluid on 
the surface of the tongue in a very 
short time interval. We used a plastic 
plate as is shown in Figure 7. In 
this plastic plate, two openings were 
drilled that were slit open on the sur- 
plate. The plate placed in 
tongue permitted 


face of the 
the middle of the 
a contact between the fluid and the 


surface of the tongue. There were 
lits, one on the left and the other 
right side of the tongue. All 
these slits have to be 

short and a special 
equipment was made to exchange the 
constantly streaming tap water or the 
ical solution with the taste 
solution wanted to investigate. 
The experiments indicated that the 
tter the equipment, the shorter was 
necessary to change 
taste sensation 


two $ 


on the 
connections to 
made extremely 


physiol 
we 


be 
the 
the 
fron 
left or 
change of the 
solution was made 
and checked with special recording 
devices placed on the surface of the 


time delay 
localization of the 
1 the middle of the tongue to the 
to the right side. After the ex- 
water with the test 
as soon as possible 


528 


FRONTIERS IN PSYCHOLOGY 


opening 


plastic 
plate 


stimulating 
fluid 


Figure 7 
A plastic block showing the tubes through 
which, for taste stimuli, a fluid can be 
conducted. (The surface of the plastic 
tube is open so that the plastic tube 
placed on the surface of the tongue will 
bring it in contact with the fluid stimuli, 
one on the left side and the other on the 
right side.) 


tongue, the necessary time difference 
to shift the taste sensation from the 
middle to the side was about the same 
as it was for sound. (See Figure 8.) 
Next we explored the sensation of 
smell. For this experiment we intro- 
duced a tube in one nostril and a 
second tube in the nostril of the other 
side. If in the constant airflow of the 
two tubes an odorous substance was 
injected exactly at the same time, the 
observer located the smell in the 
middle plane of his nose, but if it had 
a time delay on one side, then he lo- 
cated the smell either into the left or 
the right nostril. This phenomenon 
is very pronounced and it is very simi- 
lar to the general features of direction 
hearing. As is shown in Figure 8, the 
time delay necessary to displace the 
locus of an odorous substance from 
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= 
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cre 2] 
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right 
Figure 8 


If two stimuli are presented, and if there 
is no time delay, the sensation is localized 
into the middle between the two stimuli. 
(If the time del 


ay is introduced, the sen- 
sation 


moves laterally. For 
taste, and smell, the 
is about of the s; 


vibrations, 
time delay necessary 
ime order of magnitude.) 


the middle to one side 


is about of 
the order of one-half mill 


isecond. 
There are even more complicated 
and interesting analogies between 
hearing 


and smelling if w 
dog following a tr 


ments during the 
actly the same as 
traces a sound sco 
tinuous movemen 
left and to the 


tries to center 
tion. 


e watch a 
ail. His head move- 
maneuver are ex- 
a dog will do if he 
urce. [t is a con- 
t of the head to the 
right after which he 
into the correct. direc- 


From Figure 8 We can se 


e that if the 
sensation 


magnitudes on both sides 
of the head are the same and if they 
stimulate the sense organs exactly at 
the same time, we will localize the 
sensation in the median plane. But, 


SIMILARITIES OF INHIBITION IN 


if the time delay of about one milli- 
REGIE is introduced. on one side, the 
sensation will shift to the side that 
received. the stimulus first. For all 
different sensations like sound, taste, 
smell, and vibration, we found about 
the same time delay. This seems to 
indicate that the localization phe 
nomenon involves a nervous process 
of inhibition that is very similar for 
ap these different sensations. 
_ This analogy holds even 
different sense organs are inner“, 
by different numbers of nerve fibers. 
For vibratory sensations, we maß use 
about 1,000 nerve fibers, but for hear- 
vg 30,000. Olfaction has about one 
million nerve fibers. 
Een localizing a sensation, 
arent spatial size of the sensation 
plays an important role. It is well 
known in direction hearing that the 
Apparent size of a click is small. 
Furthermore, the sharper the click is. 
the smaller the apparent size. On the 
other hand, a soft low-frequency tone 
Appears much larger. We would ex- 
Pect then, on the basis of this differ- 
"vedi apparent size, that à aed 
3 5 tone would be aom 
what zed than a dick This is an 
at our experiments showed. 
eds easy to observe further, that in 
afak ion, there is very little change 
duri € apparent size of a sound image 
lines its movement from the 8 
Penne thig side. This is illustratec as 
‘wae: 9. However, it is not so 12 
shin, 2d sensations produced on E 
inter: T the two vibrators that a 
the de are far away on the Le 
hes pratory sensation in the midd ^ 
be them is diffused. If the 
lave Ty image is on one side, then k 
vihrate very well-defined image of E 
er Qs sensation that is not gm 
touch than the vibrating surface tha 
es the skin. It is interesting to 


though 
ated 


the ap- 


THE DIFFERENT SENSE ORGANS 529 


sharpness of localization 
relative diameter 


taste 


vibration 


l audition 


0 
middle side 


Figure 9 
For audition, the apparent magnitude of 
age does not change if the 


the sound ima 
om the middle 


localized sound is moved fr 
bv introducing a time delay. 


to the side 
ins do not show this 


(Other sense orga 
constancy.) 


notice that if the two vibrators are 
placed close to each other, then the 
uncertainty becomes less pronounced. 
If we bring them very close together, 
we have practically no change in the 
extension of the vibratory sensation 
during its movement from the middle 
The situation for the 

and olfaction is also 
shown in Figure 9, Here again, the 
closer the two stimuli are, the less is 
the change in the extension of the 
sensation area during movement. We 
assume that if the two stimuli 
ogether, then there is more 
the two 


to the side. 
taste sensation 


may 
are closer t 
neural interaction. between 
points. We can conclude from the ex- 
periments that the more interaction 
is present, the less is the change of the 
sensation area during the movement 
from the middle to the side. 
Summing up; it seems that the 
localization phenomena produced by 
time differences in the different senses 
are surprisingly similar. Localization 
in all the senses is produced by short 
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time delays below one millisecond, 
despite the well-known fact that the 
time necessary to fully develop a sen- 
sation magnitude always takes more 
than 200 milliseconds. 


Oscillation of the Sensation 
Magnitude 


An effective way to show that sen- 
sations are not produced by a simple 
input-output system is that in many 
sensations, oscillations can be ob- 
served. If we switch on a continuous 
stimulus, this will start a set of oscil- 
lations that decay under normal con- 
ditions of the nervous system. This 
phenomenon is known for vision. Es- 
pecially, it can happen under certain 
conditions on the periphery of the 
visual field, that we see a continuous 
fluctuation of brightness. Itisa yellow 
flicker around the whole periphery. 
The frequency of the flicker is con- 
stant and it is not easy 
anything about it. 
internal process tha 
by external stimuli, 
looking at a bright 
into a dark room. 

It is obvious that in 


to change 
The flicker is an 
t is not modified 
for instance, by 
light or going 


any system that 
has a feedback, we expect oscill 


ation. 
Most people of the older generation 
remember that the biggest problem 


of amplifiers was to make them free 
of oscillation. Fortunately, there were 
some rules that permitted the damp- 
ing of oscillations in a simple system 
like an amplifier. But in a complex 
system as seen in Figure 5, to my 
knowledge there are no rules avail- 
able. I was always interested in the 
question as to whether it is possible 
to have in such a complex system two 
different oscillations simultaneously, I 
had once several hundreds of tele- 
phone relays switched in a 
wav together. They all 


random 
had their 


energy supply and in some cases a 
time delay produced by a condenser 
parallel to the relay coil. If one of 
the relays was switched on, then in 
general a large part of the re 
switched to a different position. But 
in most cases no oscillations were ob- 
served. Only by introducing long 
feedback lines was it possible to pro- 
duce oscillation. These oscillations all 
had the same frequency, 
one type of 


lays also 


There was 
oscillation that seemed 
interesting. since it represented a sort 
of sweeping of the relay positions 
from one side of the whole set of re- 
lays to the other side in a periodic 
way. To produce this type of be- 
havior, it is necessary to have very 
large numbers of relays with definite 
phase difference between one side of 


the set and the other one. If the 
traveling time is too short, no such 
sweeping will occur, | was never able 
to find the conditions under which 
such a sweeping oscillation v pro- 
duced, 

The last time I had the Opportunity 
to see such a swee 


Ping oscillation was 
Ca Villiam James Hall. 
William James Hall consists of 15 
floors and had three, more or less, 
automatic elevators, I was always sur- 
prised how long I had to wait for an 
elevator, For weekdays the explana- 
on was that the elevators were busy. 
But, when I went to William James 
Hall 9n a Sunday, 7:30 A.M., it was 
obvious that nobody was in the build- 
Ms and still it took seven and more 


at Cambridge in Y 


: i i . 
src “nul one elevator arrived. 
.' USléning to the doors, it was pos- 
sible 


to hear the e 
up and down, 


then suddenly 


levators running 
all three of them, and 
like Magic, all 


doors TN 5 three 
" opened ‘mMultaneously. After 

having waited 50 long, | Weis always 

Td ns di any of these elevators. 
^ 


ly Bley. " E 
be of elevator behavior is 
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called, in elevator language, “hunt- 
d — a very similar type of sweep- 
m. Amin es nt like we found in many 
’ B nfortunately, again it was 
cnt mg to find out what the real 
Naturally, i io this situation were. 
aie ally, by changing the resting lo- 
ion of the elevator, etc, the phe- 

nomenon could be eliminated. 
ing kp experimentally if the switch- 
dtes - — stimulus can pro- 
Sidentonite ations in the sensation 
Figure 77 the method illustrated in 
of two separate stimuli of 


three pairs of stimuli with differen! delays 


Start. of 
Stimulus 7 “e - — - 
» 
E 
afcalization 
Sensation A m » 
Figure 10 
d to de- 


Sensation localization can be use 
— a n a constant stimulus may pro 

uctuations in the sensation magni- 
tude. (From G. v. Békésy, 1967.) 


equa . . 
oo sensation magnitude can be 
Sed. If both stimuli start exactly at 


the sa 

E same moment, we may get sensa- 

lon magnitude changes with time as 
both 


illustrated in the drawings. Since 
Sensations are exactly the same, 
Will locate the sensation in the middle 
between the two stimulators, 25 indi- 
cated for the stimulus pair on the left 
Side. In this case again, the sensation 
Will be localized in the middle posr 
ton. Naturally, the sensation magni- 
tude will not be exactly the same 
for the second and third maximum. 


we 


0 
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Therefore, che position in the middle 
is not as precise as it was when both 
stimuli were presented without any 
time delay. 

We did this experiment on the sur- 
face of the tongue by using two con- 
centric electrodes on both sides of the 
tongue. The current through these 
electrodes was adjusted so that a taste 
sensation was produced in the middle 
of the tongue if no time difference 
was present. If a continuously in- 
creasing time delay is introduced, the 
localization of the taste moves re- 
peatedly from one side to the other. 
This indicates that for the taste sen- 
sation, stimulated electrically, there is 
an oscillation of sensation magnitude 
The frequency of the oscil- 
be determined from the 
necessary to produce a 
Ve could repeat the same 
stimulations with a 
find about the same 
1 for the electrical 


present. 
lation can 
time delay 
repetition. V 
observations for 
salt solution, anc 
period as found 
stimulation. 


Inhibition Is Not Small 


In general, it has been assumed 
that inhibition plays a very unimpor- 
tant role in daily life and in experi- 
ents with sense organs. Some forty 
I started to point out that 
stimulus distribution on a 
ith a large surface and 
sensation distribution, 
ge difference under 


m 
years ago, 
between a 
sense organ W 
the observed 
there is a very lar: 


some conditions. 
In Figure 11, you can see a vibrator 


vibrating with a frequency of 50 cycles 
per second. It is touching the surface 
of the skin on the lower arm. With 
stroboscopic illumination, we can see 
a traveling wave along the arm, and 
we can measure its wavelength and 
decay in amplitude and, therefore, we 
would expect to feel vibrations along 
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50 Hz _vibrating rod 


traveling waves 


50 Hz surface of the skin 


2cm 


Figure 11 
A vibrating rod produces traveling 


waves 
along the surface of the skin, 


the whole arm. But if we ask an ob- 
server, he reports that the vibratory 
sensation extends about one centi- 
meter around the vibrator. The more 
remote sections of the traveling. wave 
are completely inhibited, The inhibi- 
tion is produced partially by the time 
delays of the successive sections of the 
traveling wave. This situation 
not change even when we 
the observer his whole arm Vibrating, 
The phenomenon is even more dra. 
matic if the observer stands on a vi. 
brating table. His whole body is seen 
vibrating and he still insists that he 
feels only vibration on his feet. 

In the field of hearing, it is es. 
pecially easy to devise experiments 
that show a large amount of inhibi- 
tion. When we listen to a speaker in 
a room, we localize all the sounds 
reflected from the walls as coming 
from the place of the speaker. This 
process of inhibition is a very impor- 
tant phenomenon. 


does 
show to 


If we place one 
microphone about one foot away from 
the speaker, and a second microphone 


about five feet away, the sound pat- 
tern of these two microphones is com- 
pletely different, as can be seen in 
Figure 12. In the lower recording the 
reflections from the wall distort the 
original sound pressure pattern close 
to the speaker. In spite of the large 
difference between the sound pres- 
sures, a listener does not hear a differ- 
ence when he moves his head from 
one microphone to the other, since in 
binaural hearing the reflections from 
the walls are inhibited. 

The knowledge of these wall reflec- 
tions and the inhibitory processes con- 
cerning localization is of utmost im- 
portance for the acoustics in concert 
halls and theaters. It can make the 
difference between a good or a bad 
concert hall. 


The Neural Unit 

There are many stimulus patterns 
by which a sense organ with a large 
Surface area can be excited. It is of 
interest to find & gencral approach to 
such stimulation, 

Mach, almost 100 ye 


ars ago, devel- 
Oped a formula 


for transforming a 


Figure 12 
The sound Pressure ¢ a 


an be 
On two p! 


and still the 
any difference. 


very different 
car will 


aces 


not 
recognize 


SIMILARITIES OF 


stimulus distribution along the retina 
into the sensation magnitude distri- 
bution, that is, for transforming the 
luminance pattern on the retina into 
the brightness pattern in sensation. 
His formula contains, as a main dis- 
torting factor, the second derivative 
of the luminance function. Mach's 
formula describes very well the ap- 
pearance of the white and the dark 
bands. It is in agreement with the ob- 
servations that the smaller the curva- 
ture of the luminance distribution, 
the larger the brightness of the dark 
Or white band. If the curvature is 
positive, we have a white Mach band, 
and if the curvature is negative, we 
have a black band. I became inter- 
ested in finding some physiological 
background for this phenomena. in 
addition to the purely mathematical 
description. To test this question, the 
Simplest approach seemed the investi- 
ation of how two stimuli interact 
With each other if presented to a sense 
Organ with a large surface. The sen- 
sation produced by one single. point 
Stimulus has a certain spread, but 1t 
IS not large, If we have two stimuli 
that are close together, the magnitude 
of the sensation increases, and the 
Width of the spread also. We can go 
farther and farther apart with the two 
Stimuli, and there is a certain distance 
When the sensation becomes 25 wide 
as the distance of the two stimuli. We 


have only then to increase the dis- 
tance just a little more and, at that 
result 


Moment, we have the peculiar Te 
that the magnitude of the combined 
Sensation suddenly drops (Békésy. 
1960). The more precise the two sen- 
sation magnitudes are adjusted to be 
equal, the larger is the drop. If we 
Increase the distance. the two sensa- 


tions will fall apart. The simple fact 
that two stimuli can give à smaller 
means 


Sensation magnitude than one 
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th tiin $ 
that there is a lateral inhibition. M 
phenomenon was tested for pressure 
on the skin and for taste. 
It is possible to describe these find- 
ings with the help of the drawings 
shown in Figure 13. These drawings 


lower arm 
inhibition 


Figure 13 
The area of sensation and inhibition for 


vision and the skin of the lower arm. 


indicate than any stimulus of a small 
area will produce an area of ex- 
citation of a certain width, and si- 
multaneously a surrounding area of 
inhibition where the sensation mag- 
nitude produced by a second stimulus 
is decreased. The combination of both 
areas (excitation and inhibition) may 
be called an inhibitory unit for one 
sitmulus. As a first approach, the unit 
is made out of rectangles, and the 
dimensions of the width of the sen- 
sation area and the width of the in- 
hibited area for vision and skin sen- 
sations are shown. 

In Figure 14, we have a stimulus 
distribution that has on the left side 
a constant stimulus and then going 
to the right side increases linearly to 
a certain value that remains constant 
again. In order to analyze this distri- 
bution in terms of the above inhibi- 
tory unit, we use the following pro- 
cedure. The stimulus distribution is 
cut in small vertical segments of the 
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5 4 stimulus 


sum of the 
adjusted units 


Figure 14 
fference be- 
on and the 
(From G. v, 


Method to determine the di 
tween the stimulus distributi 
sensation distribution. 
Békésy, 1960.) 


width of the excitation. The stimulus 
magnitude is multiplied by the ex- 
citation magnitude of the unit and 
they are plotted all along the stimulus 
distribution curve. The same thing js 
done for the inhibitory areas, and 
after the two curves are drawn, we 
subtract from the excitation magni- 
tude distribution on the inhibitory 
magnitude distribution, As can be 
seen in the lower drawing of Figure 
14, the resulting sensation magnitude 
curve shows a well-developed over- 
shoot and undershoot. The width of 
this overshoot and undershoot is 
given by the width of the inhibitory 
area of the unit. It was found that for 
many stimulus distributions, this type 
of geometrical procedure is successful. 
The geometrical addition is different 
than the pure mathematical formula 
of Mach. For instance, for a very 
sharp corner, the curvature becomes 
infinite and therefore the mathemati- 
cal overshoot and undershoot should 
be extremely high also. In the geo- 
metrical analysis, the overshoot has 
always a certain width but not an in- 
finite height. 


Displacement of the Sensation 
Maximum 


Lateral inhibition can produce a 
difference between stimulus distribu- 
tion and sensation distribution that 
is quite surprising. We cut out from a 
black sheet an opening as shown on 
the left side of Figure 15. This open- 


Point of rotation 


1 = constant E UA 
LL . constant 
dx* 


Figure 15 
à luminance distribu- 
face of the retina for 
ain region the luminance 
derivative are constant. 


Masks to produce 
tion along the sur 
Which in a cert 
and its second 


ing has at the top, and on the lower 


edge, a constant curvature, It can 
be rotated around the center of the 
curvatures (marked by a cross). A 
rotation of the Opening around its 
center will no, change the stimulus 
Magnitude or its second derivative. 

: We can plot the height of the open- 
mgs in a curve as it is shown in the 
upper drawing of Figure 16 (Békésy, 
1968). In the represented situation, 
the opening is symmetrical to the 
vertical line, From the stimulus dis- 
tribution, we can calculate the sen- 
sation magnitude distribution by 
using the inhibitory unit. In this sym- 
metrical situation, the stimulus has a 
maximum that falls together with the 
maximum of the Sensation. We can- 
not see any reason why this should 
change if we rotate the Opening in 
Figure 15 around the center point, 
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fl sensation 
+ 


| 
| inhibition 
stimulus 


sensation 


radius of stimulus 
distribution 


sensation 


displacement of 
the maximum 


X Figure 16 
A stimulus distribution that keeps its 


maxi ; 
iximum and second deriv 
displacement of the 


if the slopes on the 
v. Békésy, 1968.) 


ative constant 


C i 

n still produce a 
Selle : 
ensation maximum 
Side e : 

ide change. (From G. 


because neither the stimulus magni- 
tude nor the second derivative near 
n point of the maximum will 
Po But using again our geo- 
N method, we find that for the 
is ation distribution, the maximun 
A us away from the maximum s 
by adea a distribution, as bee 
ing e shaded area in the lower draw- 
8 of Figure 16. 

Nos question is, &. é 
imilar type of the shift of the sensa 
ph magnitude relative to the stimu- 
T. maximum in actual observations? 
ea this in vision we use an pp 
5 nt that transforms the light of the 
nee in Figure 15 linearly into a 
uminance distribution (Békésy, 1968). 
syn periments showed that for the 

metrical position of the opening 
oe maximum coincided 


do we find the 


stimulus 
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with the brightness maximum. How- 
ever, if we rotated the opening, the 
brightness maximum shifts to the side 
where the stimulus falls off. During 
rotation, we have a feeling that the 
maximum of the sensation moves into 
the area where the stimulus is re- 
duced, a paradox phenomena but in 
agreement with Figure 16. 

We repeated this experiment for 
and heat sensations of the 
the same results. I was 
always interested in the pain sensa- 
tion produced by certain inflamma- 
diseases. Comparing the findings 
of their autopsies with the descrip- 
tions patients gave during their ad- 
mittance to the hospital, I found in 
several cases, that the pain localiza- 
tion was not localized at the middle 
of the inflammatory process, but near 
the edge of the inflammation. 

After the war, it was quite common 
that the roots of the teeth on the 
lower jaw were inflamed. In general, 
the middle part of the teeth had 
the maximum inflammation and it 
dropped on different sides with a dif- 
ferent slope. This could be demon- 
strated easily by Xray pictures. But 
the patients, in general, did not local- 
ize the pain at the maximum of the 
inflammatory process, determined by 
the X-ray pictures, but more toward 

distribution of the 


the edge, when the 
inflammation did not drop equally 


on both sides. In this case, there was 
a danger to have the wrong tooth 


pulled. 


pressure 
skin with 


tory 
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rested in establishing a science of human 


Many psychologists inte 
utention to easily measurable 


behavior have felt bound to restrict their 
ailable to any outside observer. Although 


overt behavior which was av 
n great interest in what goes on inside the head, the 


has been left mostly to the poets and the phi- 
losophers because the scientists have considered them totally inaccessible. 

In the following article Sternberg describes a beautiful series of experi- 
ments in which he has found some elegant simplicity in the way a man 
searches his short-term memory. Suppose that a psychologist is going to 
show you a scries of single digits and that your task is as follows: If 
the digit is a member of the following set (J. 3. 5, 6, 8) you should make 
but when the digit is not in that set 
left hand. Now suppose that 


a test digit. Obviously you would respond 


almost immediately with your left hand since 7 is not a member of the 
above set. But do yon suppose it would be possible to find out exactly 
; ry brief interval between the presentation of 
i i your left hand? Sternberg has demon- 
that one can specify in most amaz- 
es which go on and the length of 
ore reading this paper you might 
1 would go about extracting such 


there has always bee 
study of “mental events” 


response with your right hand, 
then you should make a response with the 


the digit 7 is presented as 


What is going on in the ve 
the digit 7 and your response witl 
Stated that it is indeed possible anc 
ing detail the kinds of mental proces 
lime required. for many of them. Bef 
Uy to puzzle for a while about how yot 
Apparently inaccessible information. 
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MEMORY-SCANNING: MENTAL 
PROCESSES REVEALED BY 
REACTION-TIME EXPERIMENTS ' 


Saul Sternberg 


Abstract. Eight experiments on the retrieval of in o 
are informally reviewed in this paper. In the interpretation of these e 
inferences are made from the structure of re 

zation of mental processes. These infere ; 
by Donders (1868) that the time between stimulus and re. 
the sum of the durations of a series of processing 
method depends on this stage theory, tog 
insertion which states that a change in the 
tion of an additional processing stage without altering the other 


was the questioning of this assumption, and the 
of its validity, that led to the decline of the 


teenth century. In the present pape 
by a weaker assumption of selective 


two kinds of memory se 
determine the presence 


the questions conside 


lists of digits? How does retrieval from 
information held only in the “inactive 
influenced by how well the | 
exhaustive, instead of terminatin 
Do recognition and recall de 


We are grateful to Bell Telephone Labora- 
tories for the figures and to Saul Sternberg, 
Little, Brown & Co., and Bell Telephone 
Laboratories for their kind permission to in 
clude this selection. Reprinted from “Memory- 
Scanning: Mental Processes Revealed by Re- 
action- Time Experiments" by Saul Sternberg 
in Cognition and Affect, John Antrobus (Hd.) 
Copyright © 1970 by Little, Brown & 


č Co. 


neces are based ona 


r it is shown how it can some 


influence, and how the 
sumption for a given experiment can be tested b 


effects of experimental factors on RT are additive. 
The resulting modern version of Donde 


of an item in the list; the othe 
scanning process used to determine the location of an ite 
red in relation to the. 
extent is a test item preprocessed before 


se processes are the 
ing compared to 
Does retrieval of nonsymbolic items involve 


be 


active memory” compare to retrieval of 
memory"? [s retrie 
ist has been learned? Ww 


formation from human memory 


xX periments 
action-lime (RT) data to the organi- 
proposal first made 
sponse be regarded as 
stages. Donders’ subtraction 
ether with an assumption of pure 

subject’s task can cause the inser- 


stages. It 
absence of any objective tests 


subtraction method in the late nine- 


times be replaced 
validity of either as- 
Y determining whether the 


rs’ approach 


has led to the discovery of 
arch that people use in the ret 
short memorized lists. One is a high-speed exh 


rieval of in 


formation from 
austive sc 


anning process, used to 
r is a slow self-terminating 

m in the list, Among 
following: To what 


the memorized list? 
the same proce. 


hy 


information has been found? 
pend on the same seq 


1Most of the research reported in 
Paper was Supported by Bell 
boratories and conducted in 
and Statistical Research 
Hill, N.J. The work re 
done in collabor 
of the U 


C. S. 


this 
‘Telephone La- 
its Behavioral 
Center at Murray 
l ported as Exp. 4 was 
ation with A. M. ‘Treisman 
of Oxford, T am grateful to 

Landauer, H. Rouanct, 


to I. D. Harmon for 
Exp. 5. R. k. Main as- 
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One of the oldest ideas in experimen- 
be- 


t i ; ; 
m psychology is that the time 
WER ; : 
ae stimulus and response is OC 
upied by a train of processes OY 


rations, 


stages , 
ages,some being mental ope 
proc- 


which are so arranged that one 
ess does not begin until the preceding 
ene has ended. This stage theory im- 
plies that the reaction-time (RT) isa 
sum, composed of the durations of the 
stages in the series, and suggests that if 
one could determine the component 
times that add together to make uP 
the RT, one might then be able to 
answer interesting questions about 
mental operations to which they cor- 
respond. The study of RT should 
therefore. prove helpful to an under- 
Standing of the structure of mental 
activity. 
rom RT experi- 
formation 
A aing began about! 

a paper, "On the Speec 


m . 
5 ethod for analyzing the : 
components and thereby studying the 
Orresponding stages of processing. 


1 
E Decomposing RT by the 
Subtraction Method 


hapa the subtracti ae 
structs two different tasks 
mud can be measured, where the sec 
m d task is thought to require 
eed operations of the first, 
differ ditional inserted operation 
two — — between mean 

of th asks is interpreted as an T 0 
xs cis duration of the inse tec A 
tion town in Fig. l- This interP 
the oe on the V 
of bg theory and i : 
dimi insertion. which stat 
anging from task ] to Task 


alidity 9 
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a 
task rs “er 
mask 25+ E 


ESTIMATED 
DURATION OF 
INSERTED 
STAGE b 


MEAN REACTION - TIME 


= TASK ! 
PLUS 

INSERTED 

STAGE b 


Figure 1 


Donders' subtraction method. Hypo- 
thetical stages between stimulus (S) and 


response (R) are represented by a b 


and c 


processing stage without 
S. 

For example, Wundt (1880, pp. 
947-260) developed an application 1n 
RTs were measured when a 
subject ha ;pond after he had 
identified , and also when 

after merely de- 
The difference 
nate of the iden- 
his instance the 

1 might be (a) 
(b) stimulus identi- 
and (c) response organization. 
application, Donders 
pared mean RTs ina 
ask (one stimulus and 
response) and à choice-reaction task 
multiple stimuli and responses); he 
regarded the difference a$ the dura- 
jon of the stages of stimulus discrim- 
d response selection. 


ind of enterprise occupied 
the last 


during 
Much of 


as used as an esti 
ion time. In t 
detection, 


fication, 
In an earlier 


reaction t 


quarter of the 
their work was $ 
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trow (1890) in a popular treatise = 
The Time Relations of Mental Phe- 
ena. 

eee the turn of the 
the subtraction method became the 
subject of criticism, for two mam 
reasons. First, the differences in mean 
RT that were observed in some appli- 
cations varied excessively from sub- 
ject to subject, and from laboratory to 
laboratory. In retrospect, this seems to 
have been caused by the use of tasks 
and instructions that left the subject's 
choice of “processing strategy" rela- 
tively uncontrolled.2 Second, intro- 
spective reports put into question the 
assumption of pure insertion, by 
suggesting that when the task 
changed to insert a st 
might also be altered, (For example, it 
was felt that changes in stimulus-proc- 
ng requirements might 
response-organiz 


century 


Was 
age, other stages 


also alter a 
ation stage.) If so, the 
difference between RTs could not be 
identified as the duration of the 
serted stage. Because of 
culties, Külpe, 


in- 
these diff- 
among others, urged 
caution in the interpretation of re- 
sults from the subtraction method 
(1895, Secs. 69, 70). But it appears 
that no tests other than 
tion were proposed for 
valid from invalid 
method. 

A stronger stand w 
secondary sources, For example, in a 
section on the “discarding of the sub- 
traction method” in his Experimental 
Psychology (1938, p. 309), R. 8. Wood- 


introspec- 
distinguishing 
applications of the 


as taken in later 


2 For example, Cattell (1886, p. 377): ez 
ported that "I have not been able myself to 
get results by [W undis] method. [ 
ently either distinguished the 
made the 
tried to 


appar 
Impression 
motion. simultaneously, 
avoid this by 
formed a distinct 
to make the 
reaction. nor 
tion." 


and 
or if ] 
until had 
fore I began 
simple 
but a ve 


waiting 
impression he 


motion, 1 added. to the 


only a pe ception 


voli 


worth said “[Since] we cannot break 
up the reaction into successive acts 
and obtain the time of each act, of 
what use is the reaction-time?” And, 
more recently, D. M. Johnson said in 
his Psychology of Thought and Judg- 
ment (1955, p. 5), “the reaction-time 
experiment suggests a method for the 
analysis of mental proces which 
turned out to be unworkable.” 

Nevertheless, the attempt to analyze 
RT into Components goes on, and 
there has been a substantial revival 
in the last few years in the use of 
RT as a tool for the study of mental 
processes ranging from perceptual cod- 
ing to mental arithmetic and prob- 
lem-solving.: The work on memory 
retrieval described here is part of this 
revival, and is based heavily on Don- 
ders’ stage theory. Modern styles of 
experimentation ad data i 
lead to applications of 
theory that cem to 
early criticisms, and to tests of validity 
other than introspection, 

L shall describe 
trieval from memo 
the discovery 
ple search 
convey the 


analysis 
the stage 
withstand the 


experiments on re- 
ry that have led to 
of some relatively sim- 


processes, My aim is to 


general outline rather 
than the details of this work, so the 
Picture I paint will be somewhat 
simplified; there will be little discus- 
sion of alternative explanations that 
have been considered and rejected. 
Such 


discussions can be found in 
Sternberg (1966, 1967a, b, and 1969). 
Fhe Purpose of most of these ex- 
periments has been to study the ways 
information is retrieved 

| Memory when learning and re- 
tention are essentially perfect. The 
method js 0 present a list of items 


from 


3 See, eg. Egeth 
Nickerson, 1967 


Restle & Davis 
Groen 1966 


1066: 
Posner X 
1962; Smith 


Hochberg, 1968; 
Mitchell, 1967: 
1967; Suppes &. 
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for memorization that is short enough 
to be within the immediate memory 
span. The subject is then asked a ques- 
Son memorized list; he 
answers as quickly as he can, and his 
delay in responding is measured. By 
examining the pattern of his RTs, 
while varying such factors as the num- 
ber of items in the list and the kind 
of question asked, one can make in- 


about. the 


ference : 
Ard nces about the underlying Te 
l ieval processes. Since the aim has 
ee - 
cen to understand error-free per- 


form: ; n 
ormance, conditions and payoffs are 
arrange $ : 
i iged so that in most experiments 
the responses are almost always cor- 
rect, 


2 i mé 
E Judging Presence Versus Absence 


in a Memorized List 


The flavor of this approach will 
eC 1: © ar. 
Ccome clearer as we consider a par- 

shows 


ticular experiment. Figure 7 
the pi radigm of an item-recognition 
task, The stimulus ensemble consists 
of all potential test stimuli. From 
among these, a set of 5 elements is 
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selected arbitrarily and is defined as 
the positive set; these items are pre- 
sented as a list for the subject to mem- 
The remaining items are called 
se set. When a test stimulus 
is presented, the subject must decide 
whether it is a member of the positive 
set. If it is, he makes a positive re- 
“yes” or operating 
Il not, he makes 
The measured 
as response 


orize. 
the negat 


sponse e. g., saying 
a particular lever) 
a negative responsc. 
RT (sometimes referred to 


latency) is the time from test-stimulus 


onset to response. 
Within the item-recognition para- 


digm, different procedures can be used. 
One of them, shown at the top of 
Fig. 3, is the varied-set procedure. 
Here, the subject must memorize a 
different positive set on each trial. In 
experiment (Exp. D. for example, 
semble consisted of the 
ten digits. On each trial a new positive 
set, ranging randomly over trials from 
one to six different digits, was pre- 
sented sequentially at a rate of 132 
seconds per digit. Two seconds after 
the last digit in the set was displayed, 
a warning signal appeared, followed 


one 
the stimulus en 


CORRECT 
TEST RESPONSE 
STIMULUS 
— S positive 
Xj 4 
i esponse 
POSITIVE (List to memorize) 
SET Xo Xov ^$ 
ENSEMBLE ' y — Negative 
ENSEMBLE 1 1 5 
NEGATIVE (Items not in list) = 
SET V . V2 i E 
PLE " 
E 2, 6 — 9 positive 
"i pe (X3) Response 


Paradigm of item-recognition 


Figure 2 


task (EXP 1-5). 
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VARIED-SET PROCEDURE 


TRIAL 1 i 
qi 
itive Test Sa 
Set Stimulus Response ES 
fined 8 U 
= Xi Pos zi 
x Xg—— Warn —e or — or 2 
doe 


Neg 


Yj 
RT 


FIXED -SET PROCEDURE 


TRIAL 1 
mI 
Positive Test — 
Set Stimulus Response Ee 
defined ew 
Xj Pos p 
eK |[Warn—eor —> or z~ 


Varied-set and fixed-s 
in the negative set, 
procedure to show th 
size (s) may change 


e 


by a visually-presented test digit. The 
subject pulled one lever, making a 
positive response, if the test stimulus 
was contained in the memorized list, 
He pulled the other lever, making a 
negative response, if it was not. After 
responding to the test stimulus the 
subject recalled the list. This forced 
him to retain the items in the pre- 
sented order, and prevented him from 
working with the negative set rather 
than the positive. Regardless of the 
size of the positive set, the two re- 
sponses were required equally often. 
As in the other experiments I shall 
describe, subjects were relatively un- 
practiced. The error rate in this kind 
of experiment can be held to I or 2 
percent by paying subjects in such a 


from trial to trial. 


TRIAL 2 
New 
Positive 
Set 
defined 


Test 
Stimulus Response 


Xm 


Pos 
or 
Neg 


Xir Xs - Warn —e or — 


TRIAL 2 


Test 
Stimulus Response 
m Pos 
Warn — or — or 
Yn Neg 
Figure 8 


A F represents an item 
representing trial 2 of the v. 


aried-set 
the positive set (X, . 


+» XQ) and its 


Way as to penalize err 
rewarding speed, 
Averaged d 
are shown 
plotted as 
of symbols 
number of 


ors heavily while 


ata from ei 


ght subjects 
in Fig. 


4. Mean RT is 
a function of the number 
in memory—that is, the 
digits in the positive set 
ject committed to memory 
of the trial. 

ta are typical for item 
experiments, They show, 
r relation between mean 
€ size of the 
la 


at the start 

These da 
recognition 
first, a linea 
RT and th 


e and 
ase at approxi- 
The slope of 
the means is 38 
in memory; its zero- 
about 400 msec. (It hap- 


negative resp 
mately the same rate, 
the line fitted to 


mséc. per item 
intercept is 
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Figure 4 

xp. 1: Item-recognition with 

Mean latencies of 

e responses, 


Results of E 
varied-set procedure. 
ann positive and negativ 
M qn mean, as functions of size 
subjects Ee Averaged data from eight 
Mean 3E with estimates of xc about 

ans, and line fitted by least squares to 


Means, 


e of 


1 55 ka be true in these data that 
igs of positive and negative Te- 
bd ig have approximately the same 
not 5: the two latency functions have 
EL the same slope but also the 
eral Pg cain This is not a gen- 
eee M results from the par- 
ar conditions in this experiment. 

Y varying the relative frequency with 
Which positive and negativ responses 
are required, for example, one can 
vary the relation between their laten- 
cles. But as relative frequency is var- 
ied the slopes of the two latency 
unctions remain equal and un- 
changed.) Before considering the in- 
terpretation of these findings, W€ turn 
to some general matters regarding 


se z 
arch processes. 
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3. Two Types of Serial Search 


Let serial search (or scanning) be a 
process in which each of a set of Rens 
is compared one at a time, and 10 
more than once, to an item. Linear 
RT-functions, as in Fig. 4. suggest 
that subjects in the item-recognition 
task use a serial search process whose 
mean duration increases by one unit 
for each additional comparison. The 
purpose of the search is to determine 
whether an agreement (or match) ex- 
ists between the test item and any of 
the items in the memorized set. Two 
al search that might serve 
1 to be considered. In 
rial search, the test 
successively to 
another, 


types of seri 
this purpose neec 
self-terminating se 
stimulus is compared 
item in memory after 
a match occurs (leading 
to a positive response), or until all 
have been completed 
leading to a nega- 
exhaustive. serial 


one 
either until 


comparisons 
without a match ( 


tive response). In 
search, the test stimulus is compared 
to all the memorized 


successively 


items. Only then is a response made— 


positive if a match has occurred, and 
negative otherwise. A self-terminating 


search might require à separate test, 
after. each comparison, to ascertain 
whether a match had occurred, rather 


than only one such test after the en- 
tire series. On the other hand, an ex- 
haustive search must involve more 
on the average, than a 


comparisons, 
hen a match 


search that terminates Ww 


occurs. 
Suppose that the average time from 


the beginning of one comparison to 
the beginning of the next is the same 
for each comparison in the series, and 
is not influenced by the number of 
comparisons to be made. Then the 
durations of both kinds of search will 
increase linearly with the number of 
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memorized items (list length). There 
are, however, important differences. 
In an exhaustive search the test stimu- 
lus is compared to all items in memory 
before each positive response as well 
as before a negative response. Hence, 
the rate at which RT increases with 
list length—the slope of the RT-func- 
tion—is the same for positive and 
negative responses. In contrast, self- 
terminating search stops in the middle 
of the list, on the average, before pos 
tive responses, but continues throug 
the entire list before negatives. The 
result is that as list length is increased, 
the latency of positive responses in- 
creases at half the rate of the increase 
for negatives. This difference between 
the two kinds of search is illustrated 
on the left side of Fig. 5. 

A second difference between the 
two types of search, illustrated on 
the right side of Fig. 5, is in the 


serial-position functions for positive 
responses. In a simple exhaustive 
search neither the order of search. nor 
the position of the matching item in 
the list should have any effect on the 
RT, since all items are compared. A 
self-terminating search that occurred 
in a random order, or started at a 
random point, also would produce flat 
serial-position curves. But if a self- 
terminating search started consistently 
with the first item, and proceeded 
serially, then the serial-position curves 
would increase linearly. (1f, in addi- 
tion, list length influenced only the 
search process, then the curves for 
different list lengths would be super- 
imposed: for example, the time to 
arrive at the second item in à memo- 
rized list would be independent of the 
length of the list.) Increasing serial- 
position functions are therefore suffi- 
cient (but not necessary) evidence for 
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Some properties of exhaustive (top) and self-termin 


Left: Theoretical RT-functions (mean 
sponses as functions of length of list) 


tions (mean latency of positive responses as 


item in a list of given length) 


POSITION IN LIST OF LENGTH S 


Figure 5 
aung (bottom) seria] search. 
latencies of positive 


j and 
Right: 


Theoretical serial- 
a function of seri 


negative re- 
position func- 
al position of test 
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inferring that a search process is self- 


terminating. 


4. High-Speed Exhaustive Scanning 

Fhe serial-position curves actually 
observed in the item-recognition ex- 
periment described in Sec. 2 were 
relatively flat Together with this 
finding, the linearity of the latency 
functions and the equality of their 
slopes for positive and negative Te- 
sponses indicate an exhaustive search. 


The data show also that memory: can- 
a remarkably 


ning can proceed at 
high rate. The slope of the mean RT- 
function, which is an estimate of the 
ume per comparison, Wis 38 msec, 
Indicating an average scanning rate 
between 95 and 30 digits per second. 
use of its high speed, 
seems not to 
in con- 


Perhaps beca 
the scanning process 
ha '€ any obvious correlate 
Scious experience. Subjects generally 
say either that they engage in a self- 
terminating search, or that they know 
immediately, with no search at all, 
whether the test stimulus is contained 


in the memorized list. 
Is high-speed scanning 


used only 


when a list has just been memo- 
rized and is therefore relatively Un: 
d so far 


familiar? The results discusse 


have, however: 
effects in item 
r for test stimuli 
1967; Morin, 


DeRosa & 


ms Seyeral investigators 
ies marked recency 
later tasks: RIS were horte 
97 S che list (Corballis, 
Ulm ii & Stultz, 1967; Mori 
GB se 967). Without embellishmen 
i exhaustive scanning cannot, © 
handle such findings. The salient pre 
mae dee ol experiments that Pte 
list seen effects seem to be a fast ig 15 
i presentation and a short interva (le 
Man 1 sec) between the last item in the list 
119 the test item. Findings of Posner et al. 
(1969) indicate that in this range the time 
interval between successive stimuli 
critically influence the nature and duration 


of : z 
comparison operations. 


ta theory 

course, 
x cdural 
produce 
of 


may 
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(Fig. 1) are from the varied-set proce- 
dure (Fig. 3), in which the subject 
must memorize a new positive set on 
each trial, and is tested only three 
seconds after its presentation. How is 
the retrieval process changed when a 
person is highly familiar with a par- 
ticular positive set and has had a 
great deal of practice retrieving in- 
formation from it? At the bottom of 
Fig. 3 is shown the fixed-set procedure 
in the item-recognition paradigm, in 
which the same positive set is used 
for a long series of trials. For exam- 
ple, in one experiment (Exp. 2) sub- 
jects had 60 practice trials and 120 
test trials for each positive set. On the 
average test trial, a subject had been 
working with the same positive set 
for ten minutes, rather than three 
seconds. The sets were sufficiently 
well learned that subjects could recall 
them several day later. Sets of one, 
two, and four digits were used. There 
re six subjects. 

shown 
identical to those from 


the procedure. The RT 
data are linear, the slopes for positive 
ative responses are equal, and 
the average slope is 38 msec. per digit. 
The small difference between the 
yero-interce pts in the two experiments 
is not statistically significant. The re- 
markable similarity of results from 
the two procedures indicates that the 
retrieval process was used for 
unfamiliar and the well- 


we 

Results are 
are essent ially 
varied-set 


in Fig. 6, and 


and neg 


same 
both the 
learned lists. 


5. Active and Inactive Memory 

accumulated, particu- 
laily during the past decade, that there 
least two systems Or states of 
memory fot encoded verbal items (e.g., 
Broadbent, 1958; Waugh & Norman, 
1965; Glanzet & Cunitz, 1966; Atkin- 


Evidence has 


are al 
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Results of Exp, 2: Item-recognition with 
fixed-set procedure. Mean latencies of 
correct positive, negative, and pooled re- 
sponses as functions of size of Positive set. 
Averaged data from six subjects, with 
estimates of +g about pooled means, 
and line fitted by least squares to those 
means. For each set size positive responses 


were required on 27% of the trials. 


son & Shiffrin, 1968). The picture that 
is emerging is roughly as follows: The 
long-term store, or inactive memory, 
is relatively permanent and of large 
capacity. It receives information from 
the short-term store, a temporary ac- 
tive memory 5 of small capacity from 
which information is rapidly lost un- 
less an active retention process is 
operating. In the long-term store, the 
coding of verbal items includes se- 
mantic attributes; in the short-term 
store, however, such items are coded 
primarily as acoustic or articulatory 


5 An alternative term is "working memory," 
used by Newell & Simon, 1963, to refer to the 
arithmetic unit of a general-purpose com- 
puter. See also “Active verbal memory, Ch. 
9 in Neisser, 1967, and “Operational mem- 
ory,” Sec. 4 in Posner, 1967. 


representations of their spoken names, 
even when they have been presented 
visually (see Sperling, 1960; Conrad, 
1964; Baddeley, 1966; Wickelgren, 
1969). The active process that regen- 
erates the rapidly-decaying traces of 
a list of items in the short-term store 
is rehearsal, the overtly- or silently- 
spoken cyclic serial recall of stored 
items (see Sanders, 1961; Sperling, 
1963; Posner & Rossman, 1965; Cohen 
& Johansson, 1967; Crowder, 1967; 
Atkinson & Shiffrin, 1968). Rehearsal, 
which also causes information in the 
short-term store to be entered in the 
long-term store, has an approximate 
maximum rate of from three to seven 
items per second (Landauer, 1962) 

Whereas in the va 


iried-set procedure 
of Exp. I the positive set must have 
been stored in active memory only, 
it is reasonable to believe that the set 
had entered the long-term store in the 


fixed. set procedure of Exp. 2. How- 
ever, 


the similarity of results from the 
two procedures suggests that the same 
memory system was being scanned: 
that is, when inform 
memory has to be 

entered also in 


ation in inactive 
used, it may be 
ente active memory (where 
It is maintained by rehearsal) and 
thus become more readily available. 
An experiment that tests this conjec- 
ture is described below (Exp. 5). 

It appears, then, that the memory 
of the positive sets in both tasks is 
maintained by a serial rehearsal proc- 
ess; supporting this notion, subjects 
Teported silent rehearsal of the sets 
in both experiments. But the esti- 
mated rates of high-speed scanning 
and the fastest silent speech differ 
by a factor of at least four, Rehearsal 
is far too slow to be identical to the 
scanning process. Instead, it should 
be thought of as a separate process 
whose only function in these tasks is 
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to maintain the memory that is to be 
scanned.“ 


6. Encoding of the Test Stimulus 


In the scanning process inferred 
fam these experiments, some internal 
representation of the test stimulus is 
compared to internal representations 
of the items in the positive set. What 
is the nature of the representations 
that can be compared. at such high 
speed? Another way to phrase the 
question is to ask how much process- 
ing of the test stimulus occurs before 
it is compared to the memorized 
Items. 

Various considerations le 
expect a good deal of preprocessing. 
For example, the idea that items held 
memory are retained as 
articulatory representa- 
names intro- 
that the test 
he point of 
of the 


ad one to 


in active 
acoustic or 
tions of their spoken 
duces the possibility 
stimulus is processed to t 
naming, and that the name 
test stimulus is compared to the names 
of the items in the positive bst. But 
two points should be kept in mind 
regarding this possibility- First, 1 
would require that stored names could 
be scanned much faster than they 
could be covertly artic ulated, since the 
scanning rate is about four times 8 
fast as people can say names of digits 
to themselves. Second, unlike other 
that the six or 
ehension 


gp. f 
` It is sometimes thought 
avail- 


seven objects in the “span of app” 
are immediately and simultaneously i 
able, being contained in the psychological 
Present.” And the information in active mem- 
ory has occasionally been identified with this 
of consciousness (ege 


40; W augh E 
must scan One s 
ther 


1 neutdEy capacity 
W 1962, pp. 47 
065). The finding that one 
ascertain it“ contents. Ta 
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forms of preprocessing, such as image- 
Vim id ai 15 feature-extraction, pre- 
processing a character i i 
a uh none io o T * 
t a g would itself 
require the retrieval of information 
from memory—that information which 
relates the character to its name. 

In one experiment bearing on this 
question (Exp. 3), I degraded the test 
stimulus by superimposing a pattern 
that had been adjusted to increase 
the RT without substantially altering 
the error rate. I then examined ihe 
effect of stimulus quality on the func- 
tion that relates mean RT and the 
size of the positive set. It is shown 
below that this effect would depend 
on the nature of the internal repre- 
sentation of the test-stimulus. 

Figure 7 shows idealized data from 
a scanning experiment. The zero-inter- 
cept corresponds to the total duration 
of all processes. 
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Idealization of mean RI Aunction from 


an item-recognition task 
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cepts of the 
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MEMORY-S 


NNING: 


serial-com parison stage would increase 
the slope, since a time increment 
would be added for each item com- 
pared. 

. Consider two extreme possibilities: 
First, suppose that the encoding stage 
did nothing other than transmit an 
unprocessed image, or direct copy, of 
the test stimulus. Then degradation 
could influence only the comparison 
operation, which occurs once for each 
member of the positive set; only the 
slope of the RtT-function would 
change, as in Panel A of Fig. 9. At 
the other extreme, suppose that the 
representation produced by the encod- 
ing stage was the name of the test 
stimulus. The input to the serial-com- 
parison stage would be the same, 
Whether or not the test stimulus had 
been degraded by a superimposed vis- 
ual pattern; hence degradation could 
not influence this stage. (For the serial- 
comparison stage to be influenced by 
Visual degradation, its input would 
have to be visual, in the sense of em- 
bodying details of the physical sumu- 
lus pattern that are not present in he 
mere name of the stimulus.) Only the 
encoding stage, then, could be influ- 
enced by degradation; and since en- 
coding takes place just once, only the 
zero-intercept of the RT-function 


a meral 
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would change, as in Panel B of Fig. 9. 
(The absence of a change in slope, 
however, does not necessarily imply 
a non-isual stimulus-representation; 
the representation could be visual, 
but highly processed.) 


MEAN REACTION - TIME 
MEAN REACTION - TIME 


— 
SIZE OF POSITIVE SET 


SIZE OF POSITIVE SET 

Figure 9 
Two possibilities for the effect of test- 
stimulus quality on the RT-function. A: 
Quality influences comparison stage only. 
B: Quality influences encoding stage only. 


In Exp. 3 each of twelve subjects 
had positive sets of one, two, and 
four digits, with test stimuli intact in 
some blocks of trials, and in others 
degraded by a superimposed checker- 
board pattern. Intact and degraded 
numerals are shown in Fig. 10. 


Figure 10 
s used in Exp. 3. Numerals were 
ance of about 29 in. Degraded 


color difference between 
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The fixed-set procedure was used. Re- 
sults for the two sessions are shown 
separately in Fig. 11. Consider first 
the data from the second session, on 
the right-hand side of the figure. La- 
tencies of positive and negative re- 
sponses have been averaged together. 
The functions for degraded and intact 
stimuli are almost parallel, but there 
is a large effect on the zero-intercept, 
closely approximating the pattern 
shown in Panel B of Fig. 9. This indi- 
cates that degradation had a large in- 
fluence on the stimulus-encoding 
stage, and that the representation gen- 
erated was sufficiently processed that 
the serial-comparison stage could pro- 
ceed as rapidly with degraded as with 
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Results of Exp. 3: Effect of stimulus 
quality on item-recognition. Mean RET, 
based on pooled data from positive and 
negative responses, as a function of size 
of positive set for intact and degraded test 


stimuli. Left-hand and right-hand panels 


show data from Sessions | and 9. respec 


tively. Averaged data from 12 subjects, 


with lines fitted by least squares. In all 
conditions 


positive responses 


quired on 27% of the trials. 


were re- 
Friangles 
show results from Exp. 2 (Fig. 6), which 


was similar 


intact stimuli. The stimulus represen- 
tation was either nonvisual or, if 
visual, sufficiently refined. in the sec- 
ond session to eliminate any effect of 
degradation. 

The data from this session are an 
instance of the additivity of two cf- 
fects on RT. There is no interaction 
between the effect of set size and the 
effect of stimulus quality; instead, the 
effect of each of these factors on mean 
RT is independent of the level of the 
other. Such additivity supports the 
theory of a sequence of stages, one 
stage influenced by stimulus quality 
and the other by set size (see Sec. 7). 

Now let us consider the data from 
the first. session, shown on the left 


hand side of Fig. |], Here, where sub- 
jects have not yet 


had much practice 
with the superimposed checkerboard, 
there is a 20% increas in the slope 
of the RT-function, as well as an in- 
crease in its zero-intercept. This pat- 
tern agrees with neither of the pure 
cases of Fig. 9, Stimulus quality ap- 
Parently can influence the duration 
of comparison operations; hence, the 
Output of the encoding stage must 
be sensitive to degradation, Findings 
from the two sessions imply, then, 
that although. the stimulus represen- 
tation is highly Processed, it embodies 
Physical attributes of the 
lus, rather than being 
identity. That is, e 
representation is visual. 
representations of the po. 
are used in the 
must there 
comp. 


lest. stimu- 
à name or 
test-stimulus 
The memory 
sitive set that 
serial-comparison stage 
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? as 10 virtually climi- 
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inate the influence of stimulus quality 
on the slope of the RT-function? 
Since the scanning rate with intact 
stimuli and the effect of degradation 
on the zerointercept are approxi- 
mately the same in the two sessions, 
it seems unlikely that the type of 
representation changed. For the pres- 
ent, my interpretation is that the en- 
coding stage became more efficient at 
removing the effects of the fixed de- 
grading pattern. 

Additional support for the idea that 
the memory representations scanned 
in the item-recognition task have sen- 
sory characteristics, rather than being 
completely abstracted from the physi- 
cal stimuli, comes from two other 
studies. In the first, Chase and Calfee 
(1969) created. four different condi- 
tions in the varied-set procedure by 
presenting both the positive set and 
the test stimulus either visually oF 
aurally, When the set and test item 
were presented in different modalities, 
the slope of the RT-fun 
by about 30%, indicating ? slowed 
scanning rate. If abstract representa- 
tions were being compared in na 
same-modality conditions, then the 
change to different-modality condi- 


tions should have altered only the 


zero-intercept, as in Fig- 9B. In the 


second study, Posner ¢t al. (1969) con- 
cluded that when a single letter is 
presented aurally for memorization, 
the decision whether a visual test-let- 
ter is the “same” is facilitated by the 
internal generation of a visual repre- 
sentation of the memorized letter, 
Which obviates the need to identify the 
test letter. Still further evidence will 
be discussed below (EXP: ^^ 


ction increased 


7. A Test of the Stage Theory 
The work described above is 
grounded on Donders’ stage theory- 
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That is, as in his subtraction method, 
the effects on mean RT of changes in 
experimental conditions (factors) 
have been attributed to the selective 
effects of these factors on hypotheti- 
ing stages between stimulus 


cal process 
can we ensure that 


and response. How 
such inferences are not open to the 
classical criticism of the subtraction 
method, that even if information proc- 
essing is organized in functionally dif- 
ferent stages, factor effects may not 
be selective? One answer, of course, is 
that the test of a method's applicability 
is whether it produces results that fit 
ther and make sense. But there 
arguments as well. 

s from replacement 
inser- 


toge 
are two other 

The first stem: 
of the assumption of pure 
tion by a aker and more plau- 


sible assumption of selective influence. 
Instead of requiring that a change in 
the task insert or delete an entire 
processing stage without altering 
others, the weaker assumption re- 
quires only that it influence the dura- 
tion of some stage without altering 
others. One example is illustrated in 
Fig. 12. To estimate the comparison 
time by the substraction method, one 
would have studied Task 9, in which 
the positive set has one member, and 
compared it to Task 1. 

Task 1 would have been constructed 
to measure the zero-intercept directly, 
by deleting the entire comparison 
stage. But I suspect that there 1s no 
appropriate Task 1, in which deletion 
of all comparisons would leave the 
other stages of processing invariant. In 
this instance, then, the assumption of 
insertion is probably invalid. 
This is why the important RT-dif- 
ferences in the experiments described 
above were those between Tasks 2 
and 3, 3 and 4, and so on, whose in- 
terpretation required only that the 
selectively in- 


we 


pure 


comparison stage be 
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fluenced by set size. Similarly, in 
studying the Preprocessing of the stim- 
ulus, instead of entirely eliminating 
the need to discriminate the stimulus 
(in an effort to delete the hypothetical 
encoding stage) I examined the effects 
of making its discrimination more or 
less difficult, thereby varying the 
amount of work the Stage had to ac- 
complish. Of course, one result of 
using a factor that influences but 
does not insert a Stage is that 
we have no estimate of the stage's 


at influences it, what 
what its relation 


In a given experimental Situation 
the validity of even the weaker as. 
sumption of selective influence must 
be checked, however, We can distin- 
guish those stuations Where one of 
the assum ptions—influence or inser- 
tion—holds, by testing the additivity 
of the effects of two or more factors 
on mean RT (Sternberg, 1969). It is 
this test that Provides the 
most telling way of deali 
classical criticism, Consid 
hypothetical stages and a Pair of ex. 
perimental factors, with each factor 
inserting or selectively influencing one 
of the stages, Because stage du- 
rations are additive (by definition), 
the changes in mean RT produced by 
such factors should be independent 
and additive. That is, the effect of one 
factor will be the same at all levels of 
the other, when the response is meas. 


second and 
ng with the 
er à pair of 


8 This alternative was preferred by Cattell, 
1886, who argued (p. 378) “I do not think it 
is possible to add a perception to the re- 
action without also adding a will-act. We 
can however change the Nature of the per- 
ception without altering the will-time, and 
thus investigate with considerable thorough. 
ness the length of the perception time." But 
he suggested no way to test these assertions, 
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asured zero intercept, Attempt fails 
because deletion of Comparison stage 
Changes the demands placed on other 
Stages, whereas Variation. of the number 
of comparisons, s, (5 ) does not. 
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age, and the resulting interaction 
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Figure 13 
Above the broken line are shown 
n the decomposition of RT 
airs 1&2, 1&3, 2&9, 2&4, and 
The indirect effect 
of factors 


2. ic H 1 1 
1&2, is seen in unpracticed subjects only.) 


comparison stage strongly depend, is 
represented by the linearity of the 
effect of set size: the effect of adding 
an item to the positive set is inde- 
pendent of the number of items al- 
ready in the set. Together with other 
Considerations (discussed in Stern- 
berg, 1969) these findings lead to the 
analysis into processing stages and 
Substages shown below the broken 
line in Fig. 13.1° 


8. Generality of High-Speed 
Scanning 

4 Let us turn now to more substan- 

tive matters, and consider the gen- 

erality of the high-speed exhaustive 
10 The linear interaction between stimulus 

quality and set size in Session 1 is attributed 

to an “indirect” influence of stimulus quality 


on the duration of the second stage. by way 
of the first stage 


Of its effect on the output ó 
(see Sec. 6, and Sternberg. 1967b). Thus one 
May sometimes infer a separate stage even 
when its output is not invariant with respect 
to a factor that influences its duration, and 
when as a consequence there is a failure of 
additivity, In this instance the inference 15 
justified by the form of the interaction. (a 
linear increase in the effect of degradation 
With set size), and the structure of the com- 
Parison stage (inferred to be a series of sub- 
Stages). 


scanning process. Binary classification 
of digits into sets that are small, 
randomly-assembled, and relatively un- 
familiar is hardly a typical example 
of memory retrieval. But it is use- 
ful to pin down one process fairly 
well, and explore techniques that re- 
veal it in a relatively pure form, in 
order to use it as à baseline for the 
study of other mechanisms. 

For one example of a possible al- 
ternative to serial search, consider the 
case where the items in a memorized 
set share a physical feature whose 
presence distinguishes them from the 
rest of the stimulus ensemble. Here 
one might expect subjects to test the 
stimulus for the presence of the fea- 
ture rather than compare it to the 
items in the set one by one. Surpris- 
ingly, using letters with a diagonal 
linesegment as the distinguishing 
feature, Yonas (1969) showed that sub- 
jects start by scanning the set; only 
after considerable practice do they use 
the feature test, thereby eliminating 


11 The function of such an experimental 
baseline is similar to the use of well-under- 
stood mathematical models as theoretical 
baselines (Sternberg. 1963. Sec. 6.6) in which 
it is the discrepancies between data and 
model that are of interest. 
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the effect of the number of letters in 
the set. . 
Another possible alternative tO se- 
rial search is an “associative” process. 
Consider the case in which positive 
items are distinguished by member- 
ship in a well-learned category. (For 
example, the positive set might con- 
tain digits only, and the negative set, 
letters.) To each member of 
is associatively linked its c 
bel, and the binary choice q 
which label is elicited by th 
ulus. The speed of such 
might be independent of 
of positive and negativ 
it might depend on various attributes 
of the categories that contained them, 
including their sizes; see Landauer & 
Freedman, 1968). On the other hand, 
the high speed of scanning might 
make it more efficient than an associ- 
ative process when one of the sets iş 
small. In short, there may be alterna- 
tive mechanisms for the same task, 
and which one is used may depend, 
in part, on which one is more efficient. 
If this is the case it is a great advan- 
tage to understand at least one of the 
alternatives in some detail. 


a category 
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9. Retrieval of Nonsymbolic Versus 
Symbolic Information 


Other questions about 
ality of the scanning process are 
raised by its high speed, which pre. 
cludes its being identified with 
subvocalization of numera] names, 
and also by the influence of stimulus. 
quality on the scanning rate in Exp. 8 
(Sec. 6), which indicates thai the stim. 
ulus representation is not the name or 
identity of the numeral. The fact that 
numerals are patterns with extreme 
well-learned names may therefore be 
irrelevant to. the scanning process. 
Of course, numerals have other spe. 


the gener- 


the 


ly 


cial properties: they are highly famil- 
iar, they are symbols, they represent 
numerical quantities, 
practiced at manipulating the num- 
bers they represent. A. M, Treisman 
and I recently tested the importance 
of these properties for memory re- 
trieval, using two different ensembles, 
one of nonsense forms, and onc of 
the other photographs of faces (Exp. 
1). To our subjects, both ensembles 
were unfamiliar, nonsymbolic, 
ordered, and without well-learned 
names, We used the fixed-set proce- 
dure with sets of size 1 to 4, but found 
it necessary to display the positive set 
before each trial in order to help the 
subjects, who were inexperienced, to 
maintain it in ac tive memory, 

RT data, shown in Fig. 14, are 
qualitatively the same as those for 
digit sets, They show linearity, sug- 
SOsting a serial Process, and equality 
ol slopes for Positive and negative 
responses, indicating exhaustiveness 
of search, The main difference is in 
the Scanning rate, which seems to de- 
pend tO some extent on the nature of 
the stimuli, Even for faces, however, 
the estimated rate is high—about 18 
faces per Second. These findings in- 
dicate that high-speed | exhaustive 
5 not depend on the spe- 
ies of Numerals mentioned 
also add further support 
conclusion that the test-stim- 
resentation in the case of nu- 
the name of the nu- 
some of visual 


and people are 
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ulus rey 
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sort 


erality F about the gen- 

Process je € high-speed scanning 

> 18 raised | : Ke 

` Y 2 $ ire 
(Sec, Y the conjectt 


5) thats 
) that it occurs only when in- 


MEX —-— mH 
TORY-SCANNING: MENTAL PROCESSES REVEALED B 


650 
RESPONSE 


9 POSITIVE 
600|- o NEGATIVE — FACES 4 
ii; MEAN T2404 + 565 


550 — 


MEAN REACTION-TIME, RT (msec) 


500 


450 


400 


FORMS 
T:369*455 


! £ 3 4 5 6 
812.8, Of POSITIVE SET 
Figure 14 
recognition with 
aphs of faces. 
tive and 


Results of. Exp. 4: Iten 
nonsense forms and photogr 
Mean latencies of correct posi 
and their mean. 
c set for the two 
d data from 
with 


Negative responses, as à 
function of size of positis 
sumulus ensembles. Average 
Cight subjects. for each ensemble, 


lines fitted by least squares tO means. 
from à 


Y REACTION-TIME EXPERIMENTS 555 
formation is being held in active 
memory. The similarity of results 
from the varied-set and fixed-set proce- 
dures led to the idea that even when 
a list is contained in long-term mem- 
ory, it is transferred into active mem- 
ory and maintained there by rehearsal 
in order to be used in the item-recog- 
nition task. If that is so, one would 
expect some change in the process if 
one prevented the relevant list from 
hearsed (for example, by oc- 
active memory with other 
kind of procedure 
moves us closer to studying the dif- 
between retrieval from the 
active) and long-term (in- 
ad thereby understand- 
using the former 


being re 
cupying the 
material). This 


ferences 
short-term ( 
active) stores, al 
ing the latter by 
a baseline. 

The procedure in a small prelimi- 
nary experiment (Exp. 5) is shown in 
Fig. 15. At the start of a series of 
trials the subject memorized a list of 
1, 3, or 5 digits, which defined the 
positive set for the entire series. On 
each trial a new list of seven letters 
was presented sequentially, at a rate 
of two letters per second. A short 
the last letter, there was a 


as 


Broken line was fitted to data 4 Sea 
similar experiment with an ensemble of time after t n 
numerals brief. warning signal, and then one 
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Paradigm of Exp- 5: Item-reco 
condit 
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involving a fixed. Set pro 
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cedure (Fig. 3), u 


m active and inactive memory. Only 
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o letters were presented. 
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of two things could happen. On a 
random third of the trials the sub- 
ject saw a recall signal, and attempted 
to recall the seven letters, These trials 
were used in order to encourage the 
subject to attend to the letters and 
retain them in memory until the test 
event. (Observing and retaining the 
list of letters was intended to occupy 
his active memory on all trials and 
prevent him from rehearsing the Posi- 
tive set.) On the remaining trials the 
subject saw a test digit. He was re- 
quired to make a positive or negative 
response, based on the Previously 
memorized digit set, as quickly as pos- 
sible consistent with accuracy, This is 
à difficult task, and required a session 
of practice for smooth performance, 
In the series of control trials, which 
alternated with series of experimental 
trials, no lists of letters were Presented. 
Data averaged over the four sub- 
jects in this Preliminary experiment 
are shown in Fig. 16. The lower set of 
points represents performance in the 
control condition, Which was Similar 
in procedure to Exp. 9. Mainly be. 
cause of one exceptional subject, the 
fitted line is somewhat steeper than 
usual, with a slope of 
digit. Otherwise the data are typical, 
In the experimental condition the 
fitted line is about twice as steep as 
in the control condition, with a slope 
of 105 msec. per digit. Again, the 
latencies of positive and negative re- 
sponses grow at equal rates as set 
size is increased. The zero. intercepis 
in the experimental and contro] con- 
ditions differ also, by over 100 msec, 
Evidently, the retrieval] Process i; 
radically altered, with the effective 
scanning rate halved, when the 
formation to be retrieved is not bej 
rehearsed and is therefore 
tive memory. Current noti 
the functions of 
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LOCATE TRANSF 
1 POSITIVE SET OF ENTIRE SERIAL 
IN INACTIVE SET INTO COMPARISON 
MEMORY ACTIVE WITH TEST 
MEMORY STIMULUS 


DURATIONS: a 


CONTROL CONDITION 
(ACTIVE MEMORY) 


EXPERIMENTAL CONDITION 
(INACTIVE MEMORY) 


One explanation of results of Exp. 5. 
thetical stages that might be interpolated in 


Also shown are hypothesized durations of th 
al RT-function 
ctive-memory condition. 


stage, and resulting theoretic. 


intercept of the RT-function in the a 


makes plausible two striking aspects 
of the data: despite the large effect 
of condition, the linearity of the RT- 
function, and the equality of slopes 
for positive and negative responses, 
are both preserved. The first two boxes 
in the figure represent hypothetical 
stages that might be present in the 
experimental condition but not in the 
control. One might be searching for 
the positive set in inactive mem- 
ory. This would take a fixed time, 
regardless of the size of the positive 
set, and could account for the in- 
crease in the zero-intercept. The sec- 


ond added stage might be the serial 
he positive 


transfer of each item in t 

set into active memory, with a fixed 
average time per item transferred, 
estimated from the data to be about 
50 msec. Since all items would be 
transferred, whether the required re- 
sponse was positive or negative, the 
slopes of the functions for both re- 
sponses would be increased by the 
same amount. The high-speed scan- 
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Figure 17 
Left and middle boxes represent hypo- 
the inactive-memory condition. 
ese two stages and the comparison 
s in which a represents the zero- 


ning stage, which we already know 
to be exhaustive, would follow. The 
two added stages are not implausible 
and would account for the important 
features of the data. But this ex- 
planation—particularly the concept of 
"transferring a set of items into active 
memory"-needs to be made more 
precise and then tested. 


11. An Explanation of 
Exhaustiveness 


As mentioned in Sec. 3, an ex- 
haustive search must involve more 
comparisons, on the average, than a 
search that terminates when a match 
occurs. The exhaustiveness of the 
high-speed scanning process therefore 
appears inefficient, and hence im- 
plausible. Why continue the compari- 
son process beyond the point at which 
a match occurs? Figure 18 illustrates a 
system in which an exhaustive search 
would be more efficient than a self- 


terminating one for performance in 


558 FRONTIERS IN PSYCHOLOGY 


TEST-STIMULUS 
REPRESENTAT:;ON e 


1 


A system in which exhaustive Scanning could be more 
minating scanning. Some loci of possible time delays arı 


an item-recognition task. A repre- 
sentation of the test stimulus is placed 
in a comparator. When the scanner is 
being operated by the "central proc- 
essor" or "homunculus," H, it delivers 
memory representations of the items 
in the list, one after another, to the 
comparator. If and when a match oc- 
curs a signal is delivered to the match 
register. The important feature of the 
system is that the homunculus can 
either operate the scanner or examine 
the register. It cannot engage in both 
of these functions at once, and Switch- 
ing between them takes time. 

In this kind of system, if the switch- 
ing time is long relative to the scan- 
ning rate, and if the list is suffi 
short, then an exhaustive search (in 
which the match register must be 
examined only once) is more efficient 
than a self-terminating one (where the 
register would have to be examined 
after each comparison). The surpris- 
ingly high speed of the scanning proc- 
ess may therefore be made possible by 
its exhaustiveness. But such a system 
might have at least one important 
limitation. After the search was com- 


ciently 
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Produced the match. The limitation 
would create no difficulty if the re- 
Sponse required of the subject. de- 
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in the item-recogni- 
€ possibility that high- 
speed scanning does not yield location 
information does Suggest an experi- 
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further comparisons after a match had 
been detected would be superfluous. 
Such a process will be called scanning 
to locate. 


12. Retrieval of Contextual 
Information by Scanning 
to Locate 


In Fig. 19 is shown the paradigm of 
à context-recall task, one of the ex- 
periments devised to test these ideas 
(Exp. 6). On each trial the subject 
memorized a new random list of from 
three to seven different digits, Pre: 
sented visually one after another. The 
length of the list was varied at random 


from trial to trial. After a delay and 
a warning signal, a test item was 
presented, randomly selected from 


s in the list except 
then, was al- 
The correct 
ame of the 


among all the digit 
the last. The test item, 
ways present in the list. 
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list might first have to be determined. 
As in the other experiments described, 
subjects were encouraged to respond 
as rapidly as possible, while attempt- 
ing to maintain a low error rate. 
Two aspects of the data are of par- 
ticular interest: the relationship be- 
between mean RT and list length; 
and the relation, for a list of given 
length, between RT and the serial 
position of the test item in the list. 
Data averaged over six subjects are 
shown in Fig. 20. Consider first Panel 
A. The bars show the percentage of 
wrong responses, which rises to 25% 
for lists of length 7. This is much 
higher than one would like, given an 
interest. in error-free performance. 
The effect of list-length on mean RT 
is roughly linear, suggesting a scan- 
ning process. (Even closer approxima- 
tions to linearity have been found in 


periments) With a 


other similar ex 
tted 


slope of 124 msec. per item, the fi 


response was the spoken n lope 
item that followed the test item in line is much steeper than the corre- 
the memorized list. The idea was that sponding RT-function in the item- 
in order to make this response—that recognition task. 
is, to recall an item defined by its To interpret the slope, we have first 
contextual relation to the test item- to establish if the process 1 
the location of the test item in the terminating, as expected. Evidence 
TEST CORRECT 
MEMORIZE STIMULUS RESPONSE 
XI. x. Ks-i · xs Xe tH 
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Figure 19 


Paradigm of Exp- 6: Context-recall. 
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on this point is provided by the aver- 
age serial-position function 
Panel B. For each list length, mean 
RT is plotted as a function of the 
serial position of the test item in the 
memorized list. These functions are 
all increasing, suggesting a self-ter- 
minating process that tends to start at 
the beginning of the list and proceed 
in serial order. 

Now we can interpret the slope of 
the function in Panel A, if we assume 
that list length influences only the 
scanning stage. (Evidence supporting 
this assumption of selective influence 
is presented below.) Since an average 
of about half the items in a list have to 
be scanned before a match occurs, the 
slope represents half of the time per 
item, and implies a scanning rate of 
about 250 msec. per item, or four 
items per second, in scanning to locate 
an item ina memorized list. Scanning 
to locate is therefore seven 
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limes as slow as the high-speed. scan- 
ning Process used to determine the 
Presence of an item ina list. The slow- 
ness of the search, and the fact that 
it is self-terminating, lend support to 
the explanation (Sec. 11) of the ex- 
‘Austiveness of the high-speed process. 
Scanning to locate seems to be funda- 


mentally different from scanning for 
presence,1z 


s anations of the dissimi- 
larity of the two kinds of scanning are pos- 
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As mentioned earlier (Sec. 3), if a 
self-terminating process started con- 
sistently at the beginning of a list 
and proceeded serially, the serial-posi- 
tion functions would be steep and 
superimposed, whereas if it started at 
a random point they would be flat 
and separated. The functions shown 
in Panel B lie between these extremes. 
This is partly because they represent 
averages of data from several sub- 
jects. Data from two subjects in 
Exp. 6 who represent almost pure 
cases, are shown in Fig. 2l. The 
estimated scanning rates for these 
two subjects are almost the same, but 
their starting strategies appear to be 
radically different. Subject 1 seems to 
have started at a random point. This 
could occur if the presentation of the 
test item interrupted an ongoing 
cyclic rehearsal process, and scanning 
then began at the serial position 
where rehearsal happened to have 
stopped. Subject 4, on the other hand, 
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has the superimposed functions that 
would arise if he had started scan- 
ning consistently at the beginning of 
the list, perhaps by terminating his 
rehearsal before the test stimulus ap- 
peared. Data from other subjects 
range between these extremes, pre- 
sumably because of mixed starting 
strategies. 

One explanation of these results is 
the following: In order to recall a 
contextual item, the subject must first 
determine the test item’s location in 
the memorized list. This is achieved 
by a slow, self-terminating process of 
scanning to locate, in which the items 
in memory are compared successively 
to the test item until a match occurs. 
Each nonmatching item that partici- 
pates contributes to the RT a com- 
ponent time that depends neither on 
list length nor on the item's position 
in the list. This component time is 
occupied by switching to the item, 
comparing it to the test stimulus, and 
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all. Contrasting sets of serial-position 


relatively flat and separated, the other 
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determining that they have not 
matched. In the present context-recall 
task, the occurrence of a match is 
followed by a shift (e.g., a movement 
of the scanner in Fig. 18) from the 
item that matches the test item to the 
adjacent response item. For 
imposed serial-position functions. (as 
in Fig. 21) to be possible, we must 
assume that the duration of the shift 


operation (as well as other 
such 


super- 


stages, 
as stimulus-encoding and re- 
Sponse-organization) is independent of 
the length of the list. Given this as- 
sumption, the slope of the RT-fune- 
tion is determined solely by 
scanning rate. 

The process of sc 
is a still 
having 


the 


anning to locate 
more dramatic instance. of 
to hunt for inform 
when it is contained in a list that is 
being rehearsed. In some important 
sense one does not know what is in 
one's active memory, other than the 
single item to which atte 
rently directed. 


ation even 


ntion is cur- 


13 One traditional view is that the structure 
of a memorized list is a chain of Overlapping 
associated pairs of items: the subjects. task 
in a context-recall experiment is thought of 
as the performance of one of the associations 
in the chain, and the RT measure 
dex of associative strength, 
must be 


as an in 
At the least, this 
view modified to recognize the 
existence of a search for the representation 
of the test item in the list. This search js 
instance of the obligatory process (usu 
nored by association theorists) th 
activates the memory trace of a stimulus be. 
fore an associative response to that stimulus 
can be performed (Rock, 1969). Furthermore, 
in this experiment. not only does the loc 
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13. Independence of Learning and 
Retrieval from Active Memory 
One problem with 


Exp. 6 is the 
high error rate, and 


its marked in- 
crease with list length (Fig. 20A). This 
makes the RT data somewhat suspect 
and violates the aim of studying error- 
free processes, Moreover, it raises 
the Possibility that the level of learn- 
ing of the list. which is clearly lower 
for longer lists, might be contributing 
to the increase of RT with list length. 
(For example, SUppose that a list em- 
bodies a chain of asso iations and that 
the recall of a Contextual item involves 
the performance of one of the associa- 
lions. If the associations in a longer 
list are weaker, then at least one of 
the sources of the effect of list length 
on RT Might be an 
Soctative. lateng 59] 
(Exp. 7) devised tc 
ters, the 


increased as- 
In an experiment 
) look into these mat- 
list was Presented once, twice, 
or three times, as Shown in Fig. 22, to 
vary how well it was learned. In the 
ONe-presentation Condition, at the bot- 
tom of the figure, the list was pre- 
sented, and there followed a test stim- 
ulus and response, just as in Exp. 6. 
Again, the lis Changed. from trial to 
trial, and Contained from 3 to 7 
digits, In the Wo-presentation condi- 
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Effect of learning on context-recall. 


] of learning that are 
list length do not con- 
influence of list length 
on mean RT, and further, that within 
the limits of the experiment, the rate 
of scanning to locate is independent 
of how well a list has been learned.“ 
The invariance with level of learning, 
which is similar to that of the high- 
speed scanning process over fixed-set 
and varied-set procedures, is consist- 
ent with the interpretation of the 
all data presented in Sec. 
o the evidence that fac- 
n to influence learning 
active-memory 
he invar- 
the 


ferences in leve 
associated with 
tribute to the 


context-rec 
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tors well know 
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functioning. Finally, given t 
of the retrieval | process, 
nce of number of presen- 
tations on error rate suggests that the 
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retrieval. 


iance 
strong influe 


14 ]£ a list could only be either. perfectly 
learned or not learned at all, this conclusion 
be justified, since restricting the 
alyzed to those of correct responses 
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been learned to the 
in the three conditions 
not apply here mainly because correct. re 
sponses in conjunction with partially learned 
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same degree (perfectly) 
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14. Recall Versus Recognition of 
Contextual Information 


In explaining the difference be- 
tween findings from the item-recogni- 
tion and contextrecall tasks (Exps. 
1-5 versus Exps. 6-7) I have empha- 
sized that in one case the response de- 
pends merely on the presence of an 
item in the list, and in the other case 
on its exact location. For an expl 
tion in these terms to be 
ever, certain other 


ana- 
valid, how- 
differences between 
the tasks must be shown to be unim- 
portant: one task involves recall, 


and 
the other recognition; o 


ne requires 
€ response a 
be converted 
m—its name—and 
and whereas the 
lternatives in one 


memory representation 
into a particular for 
the other does not; 
number of response a 
task grows with list length, the other 
always requires a binary choice, 

The last experiment to be described 
(Exp. 8) was designed to evaluate the 
importance of these factors and to be- 
gin to examine further the generality 
of the process of scanning to locate, A 
recognition procedure was used to 
study the retrieval of contextual in. 
formation; the resulting context-rec- 
ognition task is shown in Fig. 24. On 
each trial the subject attempted to 
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memorize a list of from 3 to 6 dif- 


ferent digits, presented visually, one 
after another. To increase 
the list was actually 

with a 


accuracy, 
presented twice, 
recall attempt after the first 
Presentation. The test stimulus was a 
Pair of simultaneously presented digits 
that had appeared successively some- 
where in the list. The subject’s task 
was to decide whether the left-to-right 
order of the pair was the 
temporal order in the list, or reversed. 
He made his response by pulling one 
of two levers (as in Exps. 1-5). 

This experiment see 
what risky, 
bea variety 
subject. 


same as its 


med to be some- 
since there appeared to 
ol strategies open to the 
One Possibility was that be— 
fore its order could be tested, the pair 
might have to be located in the list 
by means of a scanning process, This 
Process would be revealed by the rela- 
tion between RT and the length of 
the lis Suppose that the test pair is 
located. in the dist py scanning for 
the location of one of its members, 
according to the self-terminating proc- 
ess described i 11. One would 


then expect th n the context-recog- 
nition task m 


lat i 
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rate of increase would be the same as 
in the context-recall task. 

The same six subjects who per- 
formed the contextrecall task of 
Exp. 7 also served (in a balanced 
order) in the recognition task. RT- 
functions for both responses (Fig. 25) 
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Figure 25 
Results of Exp. 8: Context-recognition. 


Averaged data from six subjects. Mean 


latencies of correct same-order and re- 
versed- order responses, and their mean, 
with lines fitted by least squares. 


are linear, supporting the notion that 
in this task, also, performance in- 
volves a scanning process. For both 
responses the slope of the fitted line 
is 114 msec. per item.15 The equality 


15 Although equal in slope, the RET fume: 
tions for the two kinds of response differ by 
about 250 msec. in intercept. The several 
ways in which one might account for this 
difference are not discussed in this paper. 
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of slopes is consistent with the idea 
that both responses depend on first 
locating one of the members of the 
pair in the list. That this is accom- 
plished by means of a self-terminating 
process is suggested by the serial-posi- 
tion data: for all subjects, and for 
both responses, mean RT increased 
with the serial position of the pair 
in the list. Averaged serial-position 
data are shown in Fig. 26. 
RT-functions from the context- 
recognition and context-recall tasks 
(Exps. 7 and 8) are compared in Fig. 
27. The fitted lines are parallel, sup- 
porting the idea that the same search 
process (scanning to locate) underlies 
performance in both tasks. Also 
shown, for reference, is the RT-func- 
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Figure 26 
Further results of Exp. 8: Context-recog- 
nition. Relation between mean RT of 
correct responses and serial position of 
the test pair in lists of four lengths. 
Data were averaged over six subjects and 
over same-order and reversed-order re- 


ponses. 
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Figure 27 
from context. 
and item-rec- 
Mean RTs from 


Comparison of results 

recognition, context-recall, 
ognition tasks. Top: 
Exp. 8 (Fig. 24), averaged over same-order 
and reversed-order responses. Middle: 
Mean RTs averaged over the three condi- 
tions in the context-recall task of Exp. 7 
(Fig. 22), which used the same subjects as 
Exp. 8. Bottom: Mean RTs from Exp. 


1 (Fig. 4). 


tion from the item-recognition task 
of Exp. I. 

These parallel lines provide an- 
other striking instance of additive ef. 
fects on mean RT. Here the additive 
factors are task (context-recognition 
versus recall) and list length; the ab- 
sence of interaction indicates that 
these factors influence processing 
stages selectively, and helps to Justify 
our interpretations of the data, \p- 
parently, the change from recall to 
not 


does influence 


and, as 


recognition the 
scanning stage, assumed in 
S 12. changes in list length do not 
ec — « S 

perceptual and 


response 
influence ] 


stages 


One final substantive point about 
these. results concerns their implica- 
tions for the recognition-recall dis- 
tinction. It is tempting to think that 
recognition involves less 
some sense, than recall. These data 
reveal at least one search process that 
is as evident in a recognition task 
(Exp. 8) as in a recall t; sk (Exp. 7). 


search, in 


13. Concluding Remarks 


I have described 
ments whose analysis 
modern version of Donders' subtrac- 
tion method. These experiments have 
led to the discovery of two kinds of 
scanning process, with rather different 
structures and rates, Which of these 
Processes is used in retrieving infor- 
mation from a given memorized list 
depends on the kind of information 
sought. 


Among other 
tions of the 


several experi- 
is based on a 


substantive implica- 
experiments are: (1) Ap- 
parently one must scan a list serially 
to retrieve tion from it, even 
when it is contained in active 
There is no evidenc 
data that one can 
than one thing 
simultaneously 
Orized items to 
other hand, 
can be made 
by being 


informa 


memory. 
€ in any of these 
"think about" more 
ata time, and thereby 
compare a set of mem- 
a test item. (2) On the 
even a well-learned list 
More readily available 
maintained in active mem- 
ry. G) Despite the possibility that 
retention may depend on a rehearsal 
Prats involving Covert speech, visual 
rather 


than auditory Memory-repre- 
Sentations are used for Comparison to 
representations of 


visual stimuli. (4) 
Process can be in- 
h recall and recognition 


The same search 
volved in bot 
tasks, 

In the Course 
experiments, 
theory of 


of describing these 
I have indi ated how a 
Processing Stages, together 
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with an assumption of selective in- 
fluence, lead to methods of experi- 
mentation and data analysis that may 
overcome certain weaknesses in ear- 
the subtraction 


lier applications of 
resulted 


method. These weaknesses 
from the use, without test, of a strong 
assumption of pure insertion. The 
basic ideas behind the modern ap- 
proach are, first, that (1) if separate 
stages between stimulus and response 
have been correctly identified, then 
for each of these stages it may be 
easier to find a factor that influences 
it without altering other stages than 
to find one that inserts it without 
altering other stages; and (2) these 
factors would then have additive ef- 
fects on mean RT. The discovery of 
several sets of such additive factors 
was critical in the interpretation of 
the experiments described. 
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